CORNELL 

UNIVERSITY 

LIBRARY 




FINE ARTS LIBRARY 



Cornell University Library 

LB3221.B88 

v2 

High school buildings, 




3 1924 015 466 828 



m 




Cornell University 
Library 



The original of this book is in 
the Cornell University Library. 

There are no known copyright restrictions in 
the United States on the use of the text. 



http://www.archive.org/details/cu31924015466828 



Hi^h School Buildings 



Compiled by 

William C. Bruce 




Milwaukee, Wisconsin 

The Bruce Publishing Company 



Copyright 1919 
THE BRUCE PUBLISHING COMPANY 



FOREWORD 




HE popularity of "High School Buildings, Volume I," 
which is now practically out of print, has encouraged the 
compiler to present this second collection of illustrations 
and sketch plans of American secondary schoolhouses. 

Even in so short a period as six years, since the earlier book 
appeared, there have been large changes in American secondary 
education and these have been reflected accurately in the design 
and construction of buildings. The high school has entirely out- 
grown its academic limitations and traditions and has broadened 
its influence and its curriculum. Thus, the industrial arts and 
household arts are no longer "basement subjects;" the natural 
sciences are now taught in a way to require diversified laboratories; 
the physical care of students has been extended to necessitate very 
complete gymnasia and lunch rooms; and the movement for the 
"wider use" of the school plant by adults has become a fixed fact 
which school authorities have recognized thru better auditorium 
and night school facilities. The high school building of the present 
day is far more inclusive and complicated in the number and type 
of activities which it serves, and the structures illustrated in the 
following pages bear out this statement. 

A departure has been made from the earlier book in the shape of 
text matter. This consists of articles which appeared originally 
in the School Board Journal and which aroused considerable 
attention as statements of fundamental principles in the field of 
high school architecture. 

The hearty thanks of the compiler and publishers are hereby 
expressed to each of the architects and engineers represented in 
the book. 

W. C. B. 
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It is a curious fact that a term so generally 
used as "High School" does not convey an idea 
•of a secondary school having more or less stand- 
ardized elements. The fact is, however, that no 
common interpretation of the term "high 
school" exists. This is because of the recent and 
rapid development of the high school idea, and 
of the various conditions under which high 
schools are planned and built, as well as the 
changing and far-from-uniform ideas governing 
their conduct. 

Inasmuch as there is no unanimity, we will 
assume a definition of a high school, which 
whether it conforms to the convictions of the 
reader or not, will at least serve to explain the 
buildings used for illustrations in this article. 

The fact that scarcely any two high school 
principals would agree at first on the definitioi 
of a high school and a statement of its require- 
ments, and that very few principals have the 
same methods of estimating the capacity of a 
high school, makes the problem of the school 
architect both baffling and interesting. He must 
not only meet the desires and requirements of 
the board of education for whom he works, but 
he must understand the principles of the organ- 
ization and conduct of a high school so that he 
may plan his building in accordance with gen- 
eral requirements. It is necessary that he build 
so that succeeding administrations may use his 
building in later years with the minimum of 
change or no change other than enlargement. 

The rapid development of the junior high 
school idea, including vocational work in the 
seventh and eighth grades, or the "six-and-six" 
plan as opposed to the former "eight-and-four" 
plan, presents still another changing element, 
which must be met in the arrangement of mod- 
ern high schools. Likewise the increasing use 
of auditoriums, gymnasiums, shops, and other 
portions of the school plant by the public, is 
something that must be provided for. 

Not a long time ago a high school might be 
considered complete without study halls, pro- 
vided there was a seat in a classroom for each 
pupil, and also provided that there was some 
kind of an assembly hall. Today this is not the 



case; some boards and principals demand a seat 
in a study hall for every pupil in the school; 
others, for half the number of pupils; and still 
others are introducing the directed study plan 
by which study space and recitation space are 
combined in classroom units, leaving separate 
undirected study rooms for senior and junior 
years only. To all of these controlling ele- 
ments, must be added consideration of school 
population, which is rarely if ever stationary. 
The fact that population increases and that ad- 
ditions must be made in the future ; that limita- 
tions of a financial character always exist, as 
well as the character and size of the high school 
site must likewise be considered. The condi- 
tions of site obviously control the general shape 
of the building and it is generally agreed now 
that a high school for a thousand pupils should 
contain at least ten acres, and that fifteen acres 
is better. 

Definition of a High School. 
From our observation and from conference 
with many school people, we deduce the follow- 
ing, as a working definition of a high school to 
accommodate a thousand or twelve hundred 
pupils : 

Classrooms. In the academic department 
there shall be sufficient classrooms for mathe- 
matics, languages and history; in the scientifi3 
department, there shall be laboratories, lecture 
rooms, and store rooms, for physiography, phys- 
ics, chemistry, botany, zoology, and perhaps hor- 
ticulture or agriculture. 

Manual Training. There shall be in the voca- 
tional department, shops for wood bench work, 
wood turning, wood patternmaking, for foundry, 
for forge, for machine shop, and possibly for 
electrical construction. There shall also be a 
printing shop. 

For the girls, rooms for cooking, for laundry 
work, for sewing, and for practice in the care 
and maintenance of the home. 

Drawing. In the drawing and art depart- 
ment, there shall be rooms and equipment for 
mechanical drawing, for free-hand drawing, for 
applied design; for art work in metals and clay. 
There shall also be studios and laboratories for 
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applied or commercial design, to be used in con- 
junction with the shops and sewing rooms. 

Commerce. In the commercial branch of 
vocational work, there shall be rooms for type- 
writing; for stenography; for bookkeeping, 
banking; correspondence; penmanship and com- 
mercial geography. 

Assemtly Halls. All high schools for a num- 
ber of years have included an assembly hall, 
and it is now commonly demanded that the as- 
sembly hall be large enough to seat the entire 
school, and that it be so arranged that it may 
be used by the public not only in the evening, 
but during the daytime hours without inter- 
fering with school sessions. School boards have 



come to demand a .special type of stage in these 
assembly halls; one, which may seat approx- 
imately two hundred people in a high school ot 
a thousand, and which may be adapted both for 
dramatics with a small proscenium opening, or 
for choral work with a large opening. Stages 
in modern assembly halls are now being adapted 
for and used by the music departments, so that 
choruses or orchestras may use them for their 
daily work, and that they may at such times be 
separated from the assembly hall; simplifying 
the problem of administration and heating. 

Library. High schools always demand refer- 
ence libraries; sometimes they are required in 
one location only; sometimes separated into. 
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scientific and classical departments, variously 
located according to use. Again it is frequently 
required that the facilities of a circulating 
library be instituted, in which case, easy public 
access is a necessity. All of these elements are 
included in our definition. 

Lunch Boom. The modern high school re- 
quires a lunch room capable of seating at least 
half of the ultimate pupil capacity, as well as a 
kitchen and store room large enough and well 
enough equipped to manufacture and cook and 
serre foods, and store supplies in wholesale 
quantities. 

Gymnasiums. All high schools now require 
a g-ymnasium large enough for basket ball and 
indoor base ball. A change is rapidly coming; 
in fact may be said to be here, by which the 
athletic exhibition idea is recognized and pro- 
vided for. Running tracks are being eliminated 
in favor of the outdoor field track; and specta- 
tors' galleries and seats are taking the place of 
the former running traciv inside the gymnasium. 
It is not an uncommon requirement that a gym- 
nasium shall accommodate at least five hundred 
spectators. A high school is not regarded com- 
plete now unless it has a separate gymnasium 
for g-irls, and a natatorium for alternate use of 
the boys and girLs, and some high schools are 
now requiring what is termed an exercise room 
for physical driU, in addition to the two gym- 
nasiums. This is more for individual develop- 
ment and preparation than for team athletics, 
which are coming to monopolize the gymnasium. 

Athletic Field. There is practical unanimity 
now upon the demand that the field and the 
school be in the same location — a field one-half 
mile or more away is only accepted as a last 
alternative. This is particularly true where the 
Gary idea is being introduced, which involves 
the use of all portions of the building and acces- 
sories at all times. This program not only in- 
creases the capacity of the school building and 
field, but makes it the custom that the field shall 
be used in the morning as well as the afternoon 
and necessitates very close proximity and avail- 
ability. 

Accesso7-ies. It is unnecessary to mention the 
accessories which are required by all schools in 
addition to the above, such as fireproof construc- 
tion, corridors and stairs; ample exits; locker 
rooms and toilets; book and supply store; heat- 
ing and lighting apparatus; administrative of- 
fices; vaults, etc. The greatest divergence in 
anv of these items relates to the lockers; some 



recognized authorities prefer the separate locker 
room, but an increasing number appear to prefer 
the corridor locker, if it can be made of metal; 
be securely locked, and be thoroly ventilated by 
a constant flow of air in at the bottom and out 
at the top. 

Classrooms are uniformly required which have 
unilateral light and at least fifteen feet of floor 
space per pupil; a majority of authorities will 
prefer east and west light for all classrooms ex- 
cept those used for drawing. South light is 
preferred for most laboratory work, and north 
light for drawing, for shops and certain other 
vocational work. 

Pupil Capacity of High School Buildings. 

It is coming to be commonly accepted that 
classrooms are to be limited in their capacity to 
thirty pupils. All of this may be regarded as 
a statement of the requirements of the modern 
high school, and may be accepted as a definition 
so far as this article is concerned. 

It brings us to the next point of considera- 
tion, which is that of capacity. The School 
Board Jouuxal is exerting its influence toward 
a clear and generally understood statement, or 
method of determining the capacity of schools. 
Our own method, which is frankly an approxi- 
mation of the methods and ideas of a number of 
educators is, to assume — 

First, that a high school has all of the ele- 
ments described above, and that its capacity 
may be assumed to be the number of seats in the 
classrooms (number of classrooms multiplied by 
thirty) plus fifty per cent of that number. This 
fifty per cent is assumed to be the number of 
pupils in the shops, gymnasium, laboratories 
and drawing rooms. 

This method will be used in estimating the 
capacity of the schools used for illustrations in 
this article. 

In this connection a discussion of the num- 
ber of stations per pupil is pertinent. A school 
can be arranged meeting this definition and this 
estimate of capacity with three stations per 
pupil; that is, there may be a seat in the assem- 
bly hall for each pupil; there may be a seat in 
a classroom for three-fourths of the pupils; 
there may be seats in study halls for three- 
fourths of the pupils at one time, and there may 
bo space in some laboratory, shop or drawing 
room for half of all of the school at one time. 
This would make a three-station school, and 
would permit of the degree of flexibility usually 
required In organizing and conducting a high 
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school. There are authorities, however, who be- 
lieve that there should be a seat in a classroom 
and a seat in a study hall, for the entire school, 
or for every pupil at one time. These propor- 
tions, if carried out, show four stations for every 
pupil, and obviously make the problem of organ- 
ization much easier. It also gives a home room 
to every teacher as well as a home desk in a 
study hall to every pupil. The Illinois school 
which is one of the four illustrated in this arti- 
cle, is the only one of the four schools here 
shown, in which this "four station" idea is 
worked out. 

Cubic Foot Cost. 
It is not the purpose of this article, which is 
a discussion of new elements in planning, to 
refer at any great length to the item of cost. 
This could not be done in any careful or valu- 
able manner under building conditions, existing 
in 1917. The method most generally used and 
the one producing the least confusion, is the 
cost per cubic foot method. This, however, is 
misleading, unless it accompanies a definition 
of a high school which will make clear, what it 



is that is being provided for each pupil; or lu 
other words, will state the number of cubic feet 
built for each pupil, or again the number of 
dollars required to build a high school, per pupil. 
This latter test would be the more valuable 
one, if there were unanimity upon the definition 
of what should be included in a high school 
built and equipped for a complete course. The 
original portion of the Pontiac High School 
built in 1913, illustrated herewith, was built at 
the rate of fourteen cents per cubic foot, fire- 
proof construction. This building did not com- 
ply, however, with the definition which we are 
following, and there is at the present time an 
addition equal to fifty per cent of the original 
building being constructed. These contracts 
were let in 1917 and the cost due to present con- 
ditions, for construction similar to that of 1913, 
was twenty cents per cubic foot. Authorities 
differ in their statements of cost per pupil all 
the way from $300 to $500. It is the opinion 
of the writer that $400 per pupil ought to be 
appropriated at a time when building can be 
done for fifteen cents per cubic foot, in order 
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that a complete high school may be constructed 
and at least one thousand pupils provided for. 
This ratio will decrease slightly as the number 
of pupils to be accommodated increases. 

It is hoped that the efforts now being made 
by various committees to define and unite upon 
a system of measurements, may bear fruit; but 
in order that it may be of the greatest useful- 
ness, such measurements must be related to 
some equally well understood and accepted defi- 
nition or statement of requirements of a modern 
high school. Having determined upon the defi- 
nition; having acquired the site; and having 
knowledge of the funds available, the next step 
in the planning of a high school, is the consid- 
eration of type plans and the choice of the gen- 
eral scheme of arrangement. 

Types of Plans. 

We may to a degree ignore cost in the choice 
of a type of plan, because the differences in cost 
between the various types are not great enough 
to counterbalance the advantages of the most 



desirable arrangement. Boards should insisc 
upon the provision that the plan be so devised 
that future additions may be made readily with- 
out the loss of school time or public money. 
Wherever the site contains ten acres or more, 
perfect freedom of choice in the type of plan 
will exist. We shall discuss later a solution 
where such a choice did not exist because of the 
small dimensions of the site. Having chosen a 
type which may be built if necessary on the in- 
stallment plan, the wisest course is to go as far 
as the funds permit with the best plan and then 
stop. It is never wise, no matter how limited 
the funds may be, to build anything which is 
not planned exactly as desired. A proper plan 
partially built, may be completed later; an im- 
proper plan can only with difficulty, if at all, bo 
converted into a proper one, at a future date. 

The types of plan for comparison and choice 
may be indicated by such general terms as these : 
The "Hollow Square Plan"; the "T" plan; "E" 
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plan; "H" plan; the "Group Plan" and the 
"Group Plan Concentrated." 

Hollow Square Plan. The "hollow square 
plan" has probably been adopted in more cases 
in the United States than any other general 
type. It has a center entrance leading directly 
to the assembly hall, which is in the center of a 
large court, around which corridors circulate, 
with educational space on one or both sides. 

"E," "H" and "T" Plan. The "E" and "H" 
plan are in general, composed along lines sug- 
gested by the shape of these letters. The same 
is true of the "T" plan, which has the element 
of concentrated corridors, and easy control, 
which none of the others possess to so great a 
degree. All of these plans may develop into 
buildings that are well lighted if the hollow 
square is large enough to make the center court 
ample. 

Group Plan. The "group plan" proceeds gen- 
erally on the assumption that it is wise to con- 
centrate the academic and scientific portions in 
a central and higher building than the other 



portions, and that it is advisable to have sucli 
large units as the assembly hall, gymnasium, 
mess hall and natatorium directly upon the 
ground level, without basements beneath or 
stories above. The advantages are greater safety, 
due to the absence of stairs ; greater light due to 
the possibility of sky-lights; and easier adapta- 
bility for concurrent use by the public, or by 
portions of the school, such as orchestras and 
choruses, which might disturb school sessions if 
they were closely related to the classroom por- 
tions. 

This plan also makes a more practical, better 
lighted and better ventilated shop arrangement 
for the manual training department, than any 
plan in which these rooms are incorporated with 
others in one main building. 

Group Plan Concentrated. The "group plan 
concentrated," which appears to be a contradic- 
tion in terms, is one in which the advantages 
and elements of the group plan spread over a 
wide area, are so brought together or concen- 
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trated, that the structure may be erected upon ii 
comparatively small site. 

It has been found by experience that the 
group plan does not vary greatly in cost over 
the large single building, which must be gener- 
ally three stories high, sometimes more. The 
extra expense which is occasioned by the greater 
amount of foundation construction and the 
greater area of roofs and sky-lights, is offset by 
the saving in stairways, in thickness of walls; 
in the omission of basements, and the conse- 
quent expensive floor construction between base- 
ment and main floors, and the cheaper method 
of constructing roofs, which in the group in- 
stance, may be less expensive and less fireproof 
than is the case wherever people are housed in 
rooms built over large areas with great spans. 

The fact of the possibility of skylights and 
the consequent perfect light which their use 
provides, is so great an advantage as to justify 
considerable extra expense, even if that be neces- 
sary; and of course it is unnecessary to state 
that the advantage in the item of safety of the 
people when they are on the ground level, is 
worth any reasonable amount that it may cost 
to provide such safety. 

Reference to the accompanying illustrations 
will also show the very easy manner in which 
future additions or extensions may be arranged. 
It is possible to exclude an entire division, like 
the physical culture portion consisting of the 
two gymnasiums and the natatorium, if funds 
are limited, and the rest of the plan can be put 
up in proper manner, even tho these portions 
are postponed. This is exactly what happened 
in the New Trier instance; the physical culture 
portions were not put under contract until sev- 
eral months after the other portions were con- 
tracted for, and not until a referendum vote had 
been submitted to the people, which resulted in 
their emphatic endorsement of and demand for 
these portions of the school. 

Another advantage in the Group Idea is that 
it enables those large units — assembly hall, mess 
hall, gymnasiums — to be built according to 
dimensions large enough for the ultimate school 
capacity. It is obvious that such units cannot 
be increased after they are once built. On the 
other hand, classrooms and laboratories not 
needed at the time the structure is originally 
erected, may be easily postponed. Such units 
as those may be multiplied as needed and as tho 
school population grows and need not be built 
until they are needed. This again is an obvious 
financial advantage. 



Still another feature of the group plan, and 
one which is illustrated at the New Trier school, 
is the freedom to meet changing educational de- 
mands. There are two large units planned in 
the New Trier group without any reference to 
what their use will be. The space is there; 
buildings erected thereon may be devoted to 
most any conceivable educational requirement, 
and they may be connected with the heating, 
ventilating and lighting plant, as well as the 
corridors whenever in the future such educa- 
tional demand is developed sufficiently to enable 
these requirements to be known. 

The Illustrations. 

The illustrations accompanying this article, 
illustrate: First, The group plan for a fourteen 
acre site, as was built for the New Trier Town- 
ship High School at Kenilworth, 111. Second, 
the "T" plan adapted to a site which was only 
three hundred feet wide. The building was 
erected at Pontiac, Mich. This site is of in- 
definite and ample length and the additions are 
therefore being constructed along the main cen- 
tral axis. Third, a plan which has been adopted 
by an Illinois Township High School Board of 
Education for construction for a school of from 
twelve hundred to fifteen hundred students. 
This is the "T" plan with large units at either 
end, which may be connected or separated in 
their use from the central main portion. 
Fourth, a plan which has been adopted by a 
Michigan board of education, which illustrates 
for lack of a better or more logical term, what 
we call, the "concentrated group." This gives 
as far as possible, the advantages of both the 
New Trier open block plan and the "T" plans 
in both the Pontiac and the Illinois school, under 
conditions of a very contracted site, about three 
acres. It is of course obvious that there is no 
athletic field in the fourth plan, but with that 
exception, the elements and facilities in our 
definition are all included in this instance. 

Firxt Illusf ration—the New Trier High School 
In this instance the main frontage is south. 
The original building which is the central por- 
tion around the tower, was designed several 
years ago by Patton & Miller, architects. The 
re-arrangement of the center portion and the con- 
struction of the surrounding units which is the 
work of Perkins, Fellows & Hamilton, was 
erected in 1911. All of the desirable elements 
noted above in ihc description of the Group 
Plan will be found U]ion examination of the 
drawings, to exist in the New Trier School. 
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In addition to this, a quarter mile running 
track; a foot ball gridiron; a base ball diamond, 
and seven tennis courts are provided for. The 
girls have special consideration in the field, a 
track over an acre in extent being devoted ex- 
clusively to their use, and separated from the 
rest of the field by a high hedge. 

The corridors connecting the main buildings 
with the outlying units are roofed but not en- 
closed, it being the desire of the management 
that the children should have as much exposure 
to outdoor air as that implies in passing from 
one part of the plant to the other between per- 
iods. The capacity at present is seven hundred 
pupils; ultimate capacity will be twelve hun- 
dred. 

Second Illustration — the Pontiac, Michigan, 
High School. The superintendent in this in- 
stance desired local and central control of the 
corridors and the "T" plan was adopted. The 
usual assembly hall with the gymnasium either 
beneath or above, located opposite the main cen- 
ter entrance was avoided, because one or the 
other is almost always poorly lighted. A main 
corridor on the central axis was also desired for 
access to future extensions. A separate unit 
to the left, or south, in which the assembly hall 
was located, was built ; and a similar wing to 
the north in which the gymnasium and nata- 
torium were located, was also built. The study 
halls were placed on opposite sides of the main 
long corridor, and this corridor is now being ex- 
tended beyond the study halls to unite the addi- 
tion at present under construction. 

It will be seen that the assembly hall and 
gymnasium wings, each of which has separate 
entrances for the public, may be separated en- 
tirely from the school, and used by the public, 
particularly in the evening, or they may be en- 
tered directly by the pupils of the school thru 
the main corridors in the daytime. The former 
capacity was 675; the present capacity is one 
thousand pupils. 

Third Illustration — an"Illinois High School." 
In this case the management desire corridor 
control, and have therefore adopted the "T" plan 
for the academic and scientific portions. All of 
the elements referred to as desirable in both the 
New Trier and the Pontiac plants, have been 



retained insofar as they apply to the assembly 
hall, gymnasiums and natatorium. Because of a 
peculiar grade in the site, a high basement ex- 
ists, and it has therefore seemed advisable to 
build the boiler rooms and power department, 
as well as the shops within the west wing, placed 
at right angles to the main axis. 

The plan is interesting, because it embodies 
the four station per pupil idea. The capacity is 
twelve hundred pupils; as many schools are con- 
ducted the capacity will be fifteen hundred 
pupils. 

Fourth Illustration — a "Michigan High 
School." As stated above this plan includes all 
of the top light advantages of the New Trier 
and Illinois schools. The units may also be 
built at various times, postponing portions if 
necessary in order to spread the expense over a 
greater period. 

The item of control in this case differs radi- 
cally from that in the Illinois school — in that 
plan the control is in the hands of the principal 
and his assistants in the oiSce, located between 
the two main entrances, the principal being less 
desirous of controlling the public than he is of 
controlling the pupils. While the principal in 
the school illustrated in the fourth plan does not 
give up his control of the pupils, his clerks at 
the counter have absolute control of both 
pupils and the public as they enter the center 
foyer, from which they proceed directly, on the 
one hand to the auditorium, and on the other 
hand, to the gymnasium, and by proceeding 
directly to the north, the pupils enter the locker 
rooms, corridors and stairways. 

The study halls illustrated in the fourth plan 
are frankly removed from the principal's office, 
and are under the control of separate teachers 
or monitors and are related closely to the class- 
rooms, laboratories, the commercial and art de- 
partments, as well as the shops on the first floor. 

This plan is on the basis of a seat in the 
study hall for each pupil, and has not yet been 
related to the coming idea for directed study. 
This plan if incorporated in the organization of 
the school will make some changes in this por- 
tion of the structure. This fourth plan is on 
the basis of three and one-half stations per 
pupil, and is rated according to our method, as 
a twelve hundred pupil capacity high school. 



HIGH SCHOOL BUILDINGS 



21 




t4 
o 
o 

W 

w 

o 

3 

m 

O 
Z 

:? 
I?" 

<! 

« 
o 
o 
►J 

H 



22 



HIGH SCHOOL BUILDINGS 




HIGH SCHOOL BUILDINGS 



23 




o 
o 






2; 
< 
o 

E 

O 



Hi 

K 
O 
O 



24 



HIGH SCHOOL BUILDINGS 




o 
o 

K 
o 
m 

K 



K 
u 

S 

< 

w 
o 
o 
1-1 
u< 

p 
2; 
o 
o 

w 



HIGH SCHOOL BUILDINGS 



25 



'aLlIliDiLiJIlJ 




w 
o 
o 

o 
a 

a 

H 



26 



HIGH SCHOOL BUILDINGS 




THE HIGH-SCHOOL LIBRARY 

THE DEPARTMENT AND ITS EQUIPMENT 
Irene Warren, Chicago, 111. 



Until very recent years, any collection of 
books set up on shelves was referred to as a 
library. The mere spacing of walls so as to 
contain the shelving was deemed sufficient arch- 
itectural planning, and the only prerequisite for 
librarianship was a fair degree of intelligence. 

The public libraries of America testify to the 
great changes wrought since the year 1876 when 
a small group of men and women met at the 
Centennial in Philadelphia to discuss how tha 
public library could be made a more effective 
educational agency in the community. In con- 
tradistinction to the old methods, the building-i 
are now planned to facilitate the many kinds of 
service public libraries render, the collections of 
books are thoughtfully chosen and are scien- 
tifically arranged to meet the public's needs, anl 
the staff of highly trained librarians further 
serves the public by keeping in touch with the 
scientific, artistic, commercial, and social activ- 
ities of the community. 

A small number of high-school principals, 
within the last few years, have begun to see the 
inadequacy of scattered collections of books (for 
high schools have always owned books) and have 
been bringing them out of attic and basement 
rooms, ends of corridors, offices, and classrooms, 
and have tried to organize them into central col- 
lections with some one person in charge. The 
results have not been satisfactory in most cases 
because often the person placed in charge has 
been without special library training and the 
collections have been unskillfully chosen. An- 
other and perhaps less obvious reason for failure 
is the fact that the schools have copied their 
library equipment and methods of administra- 
tion from the nearest model, usually a public 
library or perchance a college library, without a 
realization of the fundamental differences 
underlying the purposes of these different types 
of libraries. This has been a great handicap to 
success. The small, good-looking reading rooms 
that they fitted up did not and could not func- 
tion. None of the schoolmen have been willing 
to give adequate space or sufficient funds for 
books and librarians and to work out a plan 
whereby pupils could actually get the use out of 



the Looks. The brevity of this paper permits 
only the statement of the fact that the school- 
men as yet have not given the school libraries 
much consideration without going into the rea- 
sons for the situation. But an attempt will be 
made to show that the excellent educational 
methods advocated for our high schools today, 
cannot be carried out successfully without the 
help of a well organized and efficiently adminis- 
tered library adapted to the particular needs of 
the high schools. The points made here, taken 
partly from the practices of different high 
schools scattered across this continent and partly 
from the tendencies in education today that 
should affect our problem, it is hoped, will stim- 
ulate educators to start constructive measures 
along this line and will convince architects that 
plans for school libraries should be made before 
the buildings are erected. 

Theoretically, many educators believe that the 
school library should be in active relations with 
all the pupils and all the departments of the 
school. There is no subject in the high-school 
curriculum but has its body of literature. A 
subject without an intellectual content has no 
place on the curriculum. Some departments to 
be sure, are nmch more dependent upon litera- 
ture than others. Practically then, our problem 
is to advise a plan whereby the literature of 
every subject in the curriculum is readily avail- 
able to every pupil and every teacher. 

It would seem logical to expect that the first 
two points to be considered in locating the 
library in the high-school building are (1) that 
the library should occupy a central location in 
the building and (2) that such departments as 
English, history, civics, .and others that use it 
most frequently should be grouped about it. 
This is not however in accordance with the 
usual practice. 

Further details of the location depend upon 
the purpose determined that the library shall 
serve. Some educators believe that the high- 
school library should serve only high-school 
pupils and teachers, and that the various private 
and public libraries should take care of the rest 
of the book needs of the community. There is 
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anotlier group of educators, and this includes 
a number of prominent librarians, who think 
that the school library should be a branch of the 
public library and serve not only the school, but 
the community at large. Advocates of the wider 
use of the school plant will doubtless see much 
in favor of this plan. This does not preclude 
intensive work with each department of the 
school, but it generally means that the library 
must be placed where it can be operated after 
school hours without lighting or heating the 
whole school and where the general public can 
be most conveniently served. Rooms on the first 
floor, with one outside entrance and one leading 
into the school corridor are best adapted to this 
plan. That library will obtain the most desir- 
able results, that makes its activities follow most 
closely the policy of the school, whether this in- 
cludes night school, junior high school, junior 
college, or the community at large. The policy 
of the school should determine not only the 
place of the library in the building, but also tho 
seating capacity necessary, the size and charac- 
ter of '.he collection of books, other material 



needed, and the kind of administration required. 
Whatever use is made of the school and the 
school library for community purposes, it should 
be clear that the school library must always be 
equipped and run so that it will serve first of all 
the pupils as pupils, and the community fea- 
tures must be kept sufficiently separate and dis- 
tinct so as not to interfere with this primary 
use. 

In considering the size and the place of the 
school library it should be remembered that tho 
library is more closely related to the study and 
study periods of the pupils than to any other 
phase of the school work. The teachers using 
the textbook as a guide only, require pupils to 
read many other references and examine pic- 
tures, slides, museum specimens, and other so- 
called "visualizing material." This material 
should be placed in the library because it will 
receive much wider use there, and also because 
many departments have collected much more 
material than their teachers, untrained in the 
scientific arrangement of materials, can readily 
manage in the department classrooms. A prop- 
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erly organized and equipped library, with refer- 
ence materials at hand affords the best study- 
room for pupils. 

A little thought convinces us of the absurdity 
of study in barren assembly halls and class- 
rooms, apart from the material we require pupils 
to use. That also entails excusing pupils for 
trips to the library in search of references that 
should be at hand. If the library and study 
room cannot be combined in one, place the 
library adjoining the study room so that pupils 
may pass freely from one to the other. 

The library should be regarded as a depart- 
ment in the school on the same basis as the other 
departments. One room seating 2.5 pupils in a 
high school of eighteen hundred or two thousand 
pupils is wholly inadequate. It requires a suite 
of rooms — a reading room, a classroom, and a 
work room. Determine the space allotted to the 
library department by the 

1. Number of pupils in the school. 

2. Number of pupils studying at any given 
period. 

3. Type of service the library is to give. 



4. Physical equipment necessary. 

One librarian cannot look after more than 
125 pupils to advantage at one time. In a room 
where there are more pupils than this, the ac- 
cumulated noise incidental to the business of 
the place interferes with quiet study and the 
librarian who must maintain order in an over- 
crowded room, has no time for real work as 
study assistant. These facts should limit the 
size of the reading room. If more space for 
reading room purposes is needed, as it should 
be in the larger high schools, plan reading rooms 
adjoining each other, with glass partitions and 
doors leading from one to the other so that the 
collections of one room may be readily accessible 
to the others. In our largest high schools four 
such rooms would probably be necessary — two 
for the large freshman class, one for the sopho- 
mores, and one for the juniors and seniors. The 
combination of library and study-rooms might 
not, however, require a larger building, but only 
an adjustment of space and study periods. If 
principals think facilities for instituting this 
plan thruout the four-year course are not favor- 
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able, they are advised to make the beginning in 
the freshman year in the hope that the improved 
methods of study will keep the children in school 
at least during the first year and perhaps give 
them the impetus and methods that will make 
ithem continue to the end of the course. 

'Outdoor reading rooms may be added to ad- 
vantage in such climates as will permit their 
use for any large proportion of the year. Even 
if this is but an outdoor balcony or a small 
closed court, it will add charm and comfort. 
For the anaemic and nervous children, it will 
be a help in restoring health. 

The details of equipping a high-school library 
will be discussed in a later paper, but in deter- 
mining the size of the reading room it may be 
well to call to mind the larger pieces of furni- 
ture such as 

Reading tables or desk. 

Chairs or seats. 

Loan desk. 

Shelving. 

Catalog case. 

Magazine rack. 

Bulletin boards. 

Case for over-size books. 

Display rack for new books. 

Cabinet for picture collection. 

Cabinet for lantern slides. 

Map cases. 

Museum cases. 

Phonograph and cabinet for records. 

Lighting is an extremely important problem 
in the reading room. The windows should be so 
arranged that the light will fall over the read- 
er's left shoulder and that the glare of the sun 
will not fall on the open books. Some librarians 
prefer large windows placed high in the walls, 
shutting out street attractions and giving more 
wall space for shelving. If the windows are 
placed low in the walls, awnings or hoods to the 
windows, vine-covered pergolas and lattices may 
help to soften the light, shut out distracting 
sights, and add to the attractiveness and com- 
fort of the room. Even if the room is used only 
for daytime purposes, artificial light should be 
provided, both gas and electric if possible. A 
dark day or a dark hour is very upsetting to a 
room full of young people. If the room is to be 
used in the evening a good indirect lighting sys- 
tem should be installed. 

Every librarian knows well that Morpheus is 
specially apt to tempt people when they sit down 
for meditation or study in a quiet room. Stag- 



nant air and high temperature increase this 
trouble. A library is with difficulty kept free 
from dust and dirt, and it is impossible to keep 
the air fresh when it is constantly filled with 
people, unless special attention is given to the 
ventilating system. 

Confusion and congestion otherwise necessary 
in the reading-room may be relieved by provid- 
ing the librarian with a work-room where books 
may be unpacked, sorted, mended, and prepared 
for the shelves and where books not in commis- 
sion for one reason or another may bs stored. 
A considerable number of supplies must always 
be kept on hand. All this requires cupboards 
tables, writing desks and plenty of shelving. 
Every high school librarian must spend much of 
her time during school hours at the charging 
desk and leave the other work for odd moments. 
If the work-room adjoins the reading room and 
the charging desk is set into the glass partition 
separating the two rooms, it will save the libra- 
rian's time and energy. Place the charging desk 
where she may command a view of the entrance 
and at the same time supervise the reading 
room. A window closing down on the charging 
desk will shut out the noises of the work room, 
the use of the typewriter and unpacking books, 
noises very disturbing to readers. Window 
shades or hanging curtains may be so placed on 
the glass partitions so as to hide unsightly parts 
of the work-room from time to time. Running 
water in the work room is a necessity because 
the librarian needs it often in mending books, 
mounting various kinds of material, and also 
because the dirt in the books makes it necessary 
for her to wash her hands very frequently. 

Equip the classroom not only for training stu- 
dents to use books and libraries Cand every high 
school needs a course of instruction in this line 
as much as it does in history, domestic science 
or any other subject) but equip it so that tho 
teacher in any subject who wishes to use a large 
amount of material may take a class there for a 
lesson. It should therefore be large enough to 
seat any class in the school, be supplied with 
tables and cases adapted to the exhibition and 
examination of material, should have a screen 
for the lantern and a phonograph for the use of 
language and music records. Provide some 
museum cases for special material. Carefully 
prepared exhibits should be made up from time 
to time to illustrate the classroom work and 
these should be kept in this room. To avoid 
noise and confusion have three entrances for 
the classroom, joining it with the reading room 
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and the librarian's work room. Use the third 
door leading into the corridor only in receiving 
and dismissing classes. 

Many poorly equipped libraries have suc- 
ceeded in doing some excellent work in spite of 
their poor equipment. Had they had the advan- 
tages of proper location in the building, ade- 
quate space and equipment, and been operated 
under scientific management, in place of the 
"do-anything-you-can-method," many of their 
efforts might have produced permanent instead 
of temporary results and laid the basis for ex- 
pansion and intensified development. "The 
waste in work not done, or done with the wrong 
method, is a serious economic waste." 

'Not so many years ago each teacher was ex- 
pected to do everything except janitor service — 
and some even did that. Now we have special- 
ization in teaching, and with it has come the 
assignment of school libraries to trained librar- 
ians who stand ready to co-operate with both 
student and teaching forces. Before this it was 
customary to have teachers or principals' clerks 



give the library such care as they could when 
not engaged in the regular duties for which they 
were employed and the practice continues in 
many high schools today. The librarians who 
have gone into high schools have worked against 
odds because there is no equipment on the mar- 
ket specially adapted to their needs and the 
pressure of daily demands in the school has 
forced them to accept whatever equipment the 
school chanced to have or would provide without 
delay, or whatever they themselves could find 
that would serve. Satisfactory results cannot 
be hoped for until a detailed study has been 
made of the particular needs of the high school 
library and an equipment planned to meet these 
needs in much the same manner that special 
equipment has been worked out for science 
laboratories and for the courses in domestic 
science, art, manual training, and bookkeeping. 
This brief paper can state only a few of the 
important questions involved in equipping a 
high school library, give some of the best plans 
and devices in practice at the present time and 
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Paneled Front of Wing-type Charging Desk. 

suggest some of the problems that most need 
our attention. If we can standardize the worlc 
of our liigh school libraries even a very little 
more in some lines, we can secure at a fair price 
from the supply houses many needed articles 
which when manufactured for the individual in- 
stitution are prohibitive both in cost and time 
spent in designing and constructing. 

We have two prime factors to consider in 
establishing a high-school library — the pupils 
and the books. The books have but one purpose 
in the school and that is to serve the needs of 
the pupils. Therefore one of the first questions 
we must settle is that of the seating arrange- 
ments for the pupils in relation to ease in iising 
books. There are four methods in practice at 
the present time. "' 

1. Seating at standard library tables. 

2. Seating at one side of slightly sloping 
narrow tables. 

3. Seating at regular school desks. 

4. Seating in assembly chairs (usually when 
books are kept in an assembly room used for 




study purposes) or in chairs provided with writ- 
ing arms. 

The desired atmosphere of a library is more 
easily maintained if library tables are used. 
These should not seat more than eight or ten 
pupils. If they are larger the librarian has 
difficulty in getting around them quickly as she 
often needs to do. The best narrow sloping 
tables on the market seat but two pupils. It 
would be better if they were long enough to seat 
three or four and thus save aisle space. These 
narrow tables permit all pupils to have the light- 
ing from the best direction and give a room 
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A Magazine Racl; with drawers for storing pamphlets 
and pictures. 

which is nmch more easily supervised because 
all pupils necessarily face in the same direction 
and have no temptation to communicate with 
those opposite. Assembly chairs are not adapted 
to study or reading purposes as is readily seen 
without explanation. The armchair does not 
furnish enough space for the pupil who, most of 
the time must spread out his work, draw maps, 
charts, or illustrations, or compare several books. 
It is, however, a good plan to have a few arm 
chairs in any library to take care of the irreg- 
ular pupils, to provide additional seating 'in 
rush times and to allow restless pupils to shift 
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Charging Desk fitted with aunken charging trays, covered by 
roller curtain, cash drawer, registration trays, book shelv- 
ing, drawers and cupboards for miscellaneous uses. 

their positions. Even if pupils are provided 
with plenty of locker space they must often 
carry considerahle material about with them 
when they study. It would be advantageous if 
chairs or tables could be designed which pro- 
vided racks where pupils might deposit books 
and papers when not in actual use. 

It is without doubt possible that if an educa- 
tional psychologist would turn his attention to 
the conditions under which students study and 
read to the best advantage, his conclusions 
would supply the basis for designs for more suit- 
able furniture than we now have and for a more 
satisfactory arrangement of our reading and 




Magazine and Newspaper Racks composed of two 3 ft. units 
with storage cupboard, sloping shelves, news- 
paper racks and files. 



study rooms. Until such a time as this investi- 
gation is made, librarians must content them- 
selves with the experience gained by as careful 
observation as they may be able to give when 
not pushed too hard by daily routine. 

Shelving may be arranged in one of two ways, 
around the walls or in stacks. The wall shelv- 
ing makes a more attractive room and one easily 
supervised. If the shelves are grouped in stacks 
they should be placed at one end of the reading 
room near the librarian's desk so that she may 
quickly get the books wanted. The alcove ar- 
rangement of shelving is not adapted to a high 
school, because the wide secluded spaces between 
the rows of shelves tempt forbidden action and 
conversation. 

Wooden shelves are preferable to steel in a 
small room. There is an excellent wood shelving 
on the market that may be bought in sections. 
Shelving should never be higher than the aver- 
age pupils can easily reach — probably seven tiers 
in all. The length of shelves between uprights 
should not be more than three feet or the shelv- 
ing will sag. The shelves should be plain in 
design and adjustable. There are a number of 
pegs and devices for sale to be used in construct- 
ing adjustable shelves. Shelving made in units 
has the advantage also of being moved from 
place to place more easily than that which is 
permanently built in. It is, of course, possible 
for an architect to construct shelving according 
to the measurements here given but it is rarely 
as well constructed as that which may be pur- 
chased from the best supply houses. 

As was suggested in the previous paper, the 
charging desk should be placed near the en- 
trance so that the librarian may readily see who 
comes in and goes out. Pupils who wish merely 
to borrow or return books or ask for information 
at the charging desk may then do so with the 
least possible disturbance to the readers. There 
are stock charging desks on the market but 
usually the high school librarian prefers to de- 
sign one specially adapted to her individual 
needs. If this desk is set, as has been advised, 
in a glass partition separating the reading room 
from the librarian's work-room, it is in the most 
convenient location. The counter portion of the 
charging desk should be about two feet in width 
and eight feet in length. When the rush hours 
come, several people may then assist in charging 
and discharging the books, and have sufficient 
room so that material will not be falling on the 
floor. Avoid sharp corners on the counter. 
Fnder the counter, there should be drawers for 
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Low, extra-deep shelving provided witli rollers 
is the best for the very large atlases and art 
books so that they may lie flat. Sometimes the 
bottom shelf of the regular shelving is made 



A combination of typical sections for card indexes, paniplilet 

cases, slide cabinets, picture boxes and sUding 

shelves for large books. 

the supplies needed for the charging of boohs 
and shelves on which to place the books re- 
turned. A slightly raised platform for the 
librarian gives her a better chance to supervise 
the room. 

All devices for noise prevention are desirable. 
A cork carpet, while somewhat expensive, wears 
well and is the only satisfactory floor covering 
as far as preventing noise is concerned. Swing 
the doors one way and furnish them with springs 
that will close the doors quickly and noiselessly. 

Every modern high school subscribes to cur- 
rent magazines. A stock magazine rack is illus- 
trated here, and one provides drawers for the 
back numbers until such a time as the maga- , 
zines are bound. A similar rack may be used 
for railroad folders, advertising material and 
other ephemeral pamphlets used by the classes. 




A Vertical File Section for storing pictures, etc. 

extra wide and high or one whole section is built 
for over-size books. 

Shelving, specially designed for exhibiting 
books, should be placed at the front of the room 
for new books and special exhibits, in order to 
attract the attention of all who enter the room 
and also to keep noise and disorder near the 
door. 

Place all lists of books which the teachers 
assign the pupils to read in the library where 
the pupils may easily refer to them when they 
wish to read the books. Bulletin boards for this 
purpose should be erected and the space allotted 
to each department should be in constant use. 
The best bulletin boards are made of cork, and 
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Plan of Furniture for High School Library, Spokane, Wash. 
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framed with a narrow moulding corresponding 
to tlie woodwork in the room. If covered witli 
celluloid or glass the papers may be kept cleaner 
and in better order. A small blackboard built in 




A good type of Newspaper and Magazine Rack. 

the wall is a great convenience when it is neces- 
sary to give notices to all pupils in the room in 
a short time. 

The card catalog case should be purchased 
from some reliable supply house, for if the cards 
do not fit rightly in the drawers, their edges soon 
wear rough, the cards are .torn, and the catalog 
must be rewritten. Other pieces of furniture 
may be built by the local carpenter or the man- 
ual training department, but the catalog ca^e 
demands too careful measurements to make it 
worth while to construct it outside of a factory 
built for that purpose. 

It is as important to have the pictures and 
lantern slides kept in a central organized collec- 
tion as it is to have the books and for .the same 
reasons. A vertical filing cabinet, similar to 
that used for filing correspondence is the neat- 
est and most convenient way of keeping the pic- 
tures and a cabinet resembling a card catalog 
case is the best one for the lantern slides. 

Have one or more museum cases in the library 
where special teachers may place materials re- 



ferred to so that pupils may study the specimens 
when they are reading about the material in the 
books. Distribute other museum cases about 
the corridors. Drawers and cupboards should bo 
provided in the store room for specimens not on 
exhibition. 

Tint the unoccupied wall space which may be 
seeu above the book shelves and bulletin boards 
some restful soft brown or grey color. It will 
serve as a good background for pictures, stat- 
uary and flowers. The art classes can heli:i in 
making the library attractive not only by pro- 
viding mural decorations but also by designing 
and lettering bulletin boards, special notices and 
like small things. 

Plans for high school liliraries and their 
equipment may be secured from the following 
sources : 

Chairman of the High School Committee of 
the Library Section of the National Education 
Association. 

Librarian of the Li. S. Bureau of Education, 
AVashington, D. C. 

Secretary of the American Library Associa- 
tion, 78 East Washington St., Chicago. 

The secretaries of the State Library Commis- 
sions (located at the capital of the state) can 




A good type of Rafk for New Books. Top panel is used 
for Bulletins and Book Lists. 
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always give information about where help in 
this line can be given for a particular state. 
Many valuable suggestions may be gained by 
consulting the recent numbers of the Library 
Journal, Public Libraries, the English Journal, 



and the Proceedings of the National Education 
Association. ' 

Note. — For the use of photographs and plates illustrating 
this article we are indebted to the Library Bureau, Boston, 
and the Globe-Wernicke Co., Cincinnati. 
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ASSEMBLY HALLS 

JAMES O. BETELLE 
Illustrations taken from the work of E. F. Guilbert and Guilbert & Befelle, Architects 




AUDITORIUM, NEWARK STATE NORMAL SCHOOL, NEWARK, N. J. 
Rear View Showing GalleiT- Size 54x75 Feet. Capacity 757. 



It is generally agreed that the assembly hall 
has become a necessary part of the modem 
school building. We shall accordingly not arg^ue 
for its existence, but rather discuss its better- 
ment in general appearance, seating accommo- 
dations, stage arrangements, lighting, acoustics, 
and other important elements. At the same 
time we shall avoid recommending any extrav- 
agances or unnecessary costs. 

School assembly halls must fulfill require- 
ments that were not thought of a few years 
ago. When provided with a good stage, assem- 
bly halls not only are used for ordinary school 
exercises, but afford the pupils the opportunity 
of presenting plays and permit the public to en- 
joy evening lectures, etc. In the much discussed 



wider use of the schoolhouse these rooms are 
most commonly employed and are frequently 
opened to civic and social organizations. 

It has been conspicuous not only to prin- 
cipals and teachers, but to the parents that the 
modern assembly room of the well-designed and 
well-furnished school building is noticeably 
agreeable to the pupils, and is often the sub- 
ject of comparisons with the older buildings they 
are familiar with. When a little effort is spent 
on the appearance of the assembly halls these 
rooms have been especially complimented by the 
pupils and the public. 

One of the greatest differences between the 
old and the new school assembly halls is their 
position with relation to the general structure. 
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In years past it was usual to build the assembly 
room in the upper story or roof where appar- 
ently it could be placed with the least cost. Not 
infrequently the room was provided with very 
poor exit accommodations. 

The modern auditorium is always near the 
ground; sometimes it is as low as the basement 
floor; it is never above the second floor, but in 
more than seventy per cent of the newest build- 



tirely surrounded by corridors and classrooms. 
The auditorium is here lighted from above or 
from large courts on either side. 

It is important that auditorium seating be ar- 
ranged so that every seat has an unobstructed 
view of the stage. This necessitates the careful 
working out of sight lines to determine the slope 
of the floor, the height of the gallery (if any),, 
and its slope. 




AUDITORIUM, SOUTH SIDE HIGH SCHOOL, NEWARK, N. J. 

Size 62 feet by 7,5 feet. Seatiny capacity incliidinj^- yallery 1275 



ings it is placed on the first floor. Great atten- 
tion is given to exits, and the advantage of their 
being at grade level is obvious. 

The best service of an auditorium to the school 
can be secured by placing it in the central por- 
tion of the building rather than at one of the 
extremities. In size, it should accommodate the 
entire student capacity of a high school; in 
grammar schools it will meet all requirements if 
it cares for fifty per cent of the pupils at one 
time. Large buildings which take the form of 
a hollow square are frequently arranged with 
the auditorium in the heart of the structure, en- 



The seating capacity of an auditorium may 
be determined very closely by taking the area of 
the room in square feet, including the gallery 
if there is one, but excluding the stage and divid- 
ing by eVa — the number of square feet allowed 
for each person. The result will be very nearly 
the exact seating capacity of the room including 
space for the aisles. The seats should be spaced 
at least 30 inches, back to back, and 32 inches 
is more comfortable. The width of the seats 
from arm to arm should be not less than nine- 
teen inches; seats twenty inches wide are more 
desirable if the space can be aff'orded. 
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The width and spacing of the aisles are gov- 
erned in the larger cities by the local building 
ordinances; they are the same that apply to 
theaters. The best practice seems to require 
that the aisle with seats on both sides be at 
least 3 ft. in. wide at its narrowest part, and 
that it increase in width toward the rear of the 
room at the rate of IV2 inches for every five 



speaker and to hold their heads at an unpleasant 
angle to see his face. This defect is conspicu- 
ously apparent in platforms of many old school 
auditoriums in which the stage is nearly four 
feet high. A height of 2 ft. 6 in. is quite suffi- 
cient if the auditorium floor is properly designed. 
It is, of course, desirable to provide a large 
stage whenever practicable as there are occa- 




AUDITORIUM, GARFIELD SCHOOL. NEWARK, N. J. 



feet of length. The various building laws seem 
uniform in the requirement that no seat should 
have more than seven intervening seats between 
it and the nearest aisle. This practice does not 
permit of more than fifteen continuous seats in 
a row when there is an aisle on both sides, or 
more than eight seats in a row when there is 
an aisle only on one side. 

When the seat aisles have been well arranged, 
it is not necessary to raise the stage high above 
the audience floor in order to place the entire 
stage in good view. A comparatively low stage 
overcomes the awkwardness of necessitating the 
front rows to look directly at the feet of the 



sions, particularly at graduation, when a large 
number of persons should be on the stage in full 
view of the audience. However, stages sufficient 
to meet these requirements if forced upon the 
plan, sometimes involve great expense or the 
sacrifice of other desirable features of the plan, 
and many educators argue that a small stage 
which meets the needs of the 99 occasions out of 
the possible one hundred, is quite acceptable. 
For commencement or a similar exceptional oc- 
casion, the graduates may occupy the foremost 
rows on the main floor. 

From point of appearance, the reasonably 
small stage is more desirable than very large 
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one. An anteroom on either side should be con- 
nected with both the stage and the corridor. 
Sometimes the plan so pi-ovides that but one 
anteroom may have corridor connection. Such 
an arrangement is most awkward, particularly 
when it forces a speaker to walk down the aisle 
of the room filled with people, to disappear into 
the anteroom and to reappear from there on the 



prohibitive when the few advantages gained are 
considered. 

A stage curtain, however, is usually installed 
and should be given very serious consideration 
from a decorative standpoint, as it is one of the 
principal decorative features of the room and 
is in full view of the audience when closed. On 
account of the wide opening of the proscenium 




AUDITORIUM. CLEVELAND SCHOOL. NEWARK, N. J. 
Size 60 feet by 77 feet. Seating capacity including gallery 830. 



stage. Such an ai-rangement is also very un- 
satisfactory when the pupils produce a play. 

Except in the very largest and most elaborate 
buildings, very few school stages are built with 
a view of using drops, flies, wings or elaborate 
scenery. As soon as elaborate scenery is used, 
structural complications and expense begin to 
multiply as the building then comes into the 
theater class. On account of the increased dan- 
gers, theater buildings are required to have elab- 
orate precautions against fire and smoke. These 
include such arrangements as a skylight over 
the stage, a water tank on the roof, a sprinkler 
system, etc. The cost in such cases becomes 



arch, most curtains are divided in the center and 
each half is drawn to one side. To attempt to 
operate the curtain up and down on a wood or 
metal roller is practically an impossibility, when 
the length, thickness and weight of the roller, 
which would have to be raised, is considered. 
The best material to use for the curtain is velour, 
of a brown, old gold, or blue color. To relieve 
the large expanse of plain material, the curtain 
should be decorated with bands and borders of 
silver or gilt galloons, worked out in ornamental 
design. To make the curtain hang better and 
to weight it at the bottom, a border of heavy 
fringe and tassels is often used. 
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The curtain is opened and closed from the 
dressing rooms at the sides, and moves on wheels 
overhead in a sliding door track. Provision is 
also made at the top to adjust the length of the 
curtain, as any material in such large pieces 
will sag and stretch of its own weight and drag 
unpleasantly on the floor. At the top, to hide 
the tracks and operating ropes, it is usual to 



hang in folds and not be stretched flat. To make 
the proper folds or plaits in the curtain, extra 
material of one-third to one-half the width of 
the opening is required. Back of the valance, 
besides the tracks and ropes for the sliding cur- 
tain, and out of view, is located the stereopticon 
screen, rolled up on a large wooden roller, about 
15 ft. or 20 ft. long. This is lowered by means 




AUDITORIUM, HIGH SCHOOL, EAST ORANGE, N. J. 
Size 75x85 Feet. Seating Capacity 1,200. 



place a valance, which remains in place and does 
not move the curtain. The valance lends itself 
to eflfective decoration by the use of the school 
monogram or other ornamental device, worked 
out in galloons or colors. While not absolutely 
necessary, the velour curtain is sometimes lined 
on the inside with a fireproof duck lining of the 
same color as the curtain. This gives a more 
attractive finish to the inside of the curtain and 
adds a certain fireproof quality which is well 
worth while. 

All curtains should have a fullness in the ma- 
terial; that is, when closed tight, they should 



of ropes from the side dressing rooms, and is 
always in position for instant use. It obviates 
the trouble of stretching a loose cloth sheet in 
place as so often is the case. When lowered the 
screen can be nicely framed in by drawing the 
curtain close up to its sides, thus avoiding any 
objectionable view around the sides or back of 
the screen, if the latter does not occupy the full 
width of the stage opening. 

The furniture used on the stage is another 
item not always given the consideration it de- 
serves. The ordinary school furniture which 
one often sees on auditorium stages, is entirely 



42 



HIGH SCHOOL BUILDINGS 



out of keeping with the formal character of a 
platform, and heavier and larger furniture with 
a finish in harmony with the color scheme of 
the room should be selected. Ordinarily a settee, 
large enough for three persons, two arm chairs 
and two side chairs are all that is necessary for 
the good furniture. Any other chairs necessary 
can be brought in and removed temporarily as 



when the curtain is closed the stage may be 
properly set. In front of the curtain, to the 
edge of the stage, at least six or eight feet 
should be available so that when the curtain is 
closed, there will be sufficient space for the read- 
ing table, chairs, etc., for chapel exercises. 

The lighting fixtures should be given consid- 
eration from a decorative as well as from an 




AUDITORIUM, MORTON STREET SCHOOL, NEWARK, N. J. 
Size 51 feet by 79 feet. Seating capacity including gallery 751. 



required. It is also desirable to have at least 
two taborets, or small tables, for flowers, books, 
or other miscellaneous purposes. The reading 
desk should be of good design and not of the 
usual "Church" character so often seen. The 
accompanying illustrations show various stages 
where good furniture has been used. The stage 
carpet .should be of a simple color to harmonize 
with the decorations and the stage curtain, and 
not a rug of striking color combinations. It 
should be fastened in the floor by pins and 
sockets so that it can be readily removed, when 
a raised platform is to be built on the stage, 
and replaced again without trouble. Behind the 
stage there should be ample space in order that 



efficiency standpoint. While simple in outline, 
they should be of proper size and proportion and 
in the same style as the room. When they are 
located near the ceiling in a high room, it is 
of great convenience to have them so arranged 
that they may be lowered from the roof space 
above for cleaning and renewing the lamps. In- 
direct lighting which is now receiving a great 
deal of attention, and which is somewhat more 
expensive in electric current consumption, is 
well worth the difference in the added comfort 
to the eyes of the audience. 

Over each exit door should be placed a gas 
or an oil lamp, with a red globe, to locate the 
exits in case of emergency. These lamps should 
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be lighted at all times when the auditorium is 
used in the evening. Nothing starts a panic 
more readily than the failure of the electric 
lights. This is likely to happen in case of a 
heavy storm or trouble at the central power 
plant. All precaution should be taken for safety 
in such an event. 

Footlights are installed in a gutter across the 



ture are given, or other demonstrations are 
made. 

In addition to the stereopticon, the motion 
picture is taking an important part in the edu- 
cation of today. The strict rules regulating the 
use of motion picture apparatus have made some 
special provisions necessary to overcome the 
fire hazard.* In addition to the usual require- 




AUDITORIUM. MADISON SCHOOL, NEWARK. N. J. 
Size 49x.57 Feet. Seating Capacity, Incltading Gallery, .501. 



front of the stage and when not in use, are pro- 
tected with removable board covers. In smaller 
buildings, built-in-foot-lights are often omitted 
and an electric outlet is set in the floor to attach 
portable footlights when needed. To make the 
stage the most brilliantly lighted part of the au- 
ditorium, overhead lights or side lights fitted 
with reflectors, are installed back of the proscen- 
ium arch and out of view of the audience. Elec- 
tric base plugs are placed around the sides and 
rear of the stage to permit the use of table- 
lamps, fans, etc. Outlets for water and gas are 
usually installed in the center of the footlight 
gutter for use when lectures of a scientific na- 



ments, it has been found that the lights in the 
auditorium should be controlled not only from 
the dressing rooms at the sides of the stage, 
but also from the motion picture booth. A main 
switch should be installed here so that the pic- 
ture operator can turn on or off the lights, when- 
ever desired. A signal buzzer from the stage 
to the booth is also a convenience for the lec- 
turer in conti'olling the display of the pictures. 
Provisions for darkening the auditorium in 
the daytime should not be forgotten. Where 
side windows occur, opaque shades in addition 



■' See American School Board Journal, January, Febru- 
ary, March, 1914. 
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to the regular curtains are all that is necessary 
When the room is lighted by an overhead ceil- 
ing light, it can best be darkened by a heavy 
canvas on a wood roller over the skylight on 
the outside. The use of opaque shades under 
the ceiling light and visible in the auditorium 
IS a very unsightly and complicated arrange- 
ment with its many strings, wires and dusty 
shades which are so hard to keep clean. 

For the sake of economy, it sometimes is de- 
sirable to use the auditorium as a combination 
auditorium-and-assembly hall, or as a combina- 
tion auditorium-and-gymnasium. Needless to 
say the use of an auditorium for several totally 
different purposes is not desirable, except from 
the standpoint of cost. It is impossible to de- 
sign a room which will be ideal for any one pur- 
pose when it must be put to a number of dif- 
ferent uses. When used as a study hall an audi- 
torium requires only the installation of chairs 
with hinged tablet arms, which can bo dropped 
down out of the way when not used for study. 
Tablet arms are not placed on all the seats, but 
only on 100 or 200 in the front portion of the 
room. Only every other chair is equipped so as 
to give elbow room and to allow space on the 
intervening chairs for the pupils' books, etc. 

When the auditorium is used also as a gym- 
nasium it should be designed frankly as a gym- 
nasium with a stage at one end, rather than as 
an auditorium with gymnasium apparatus hung 
on the walls and ceiling. A highly finished audi- 
torium is poorly suited for the rough uses given 
a gymnasium, and if used as such, soon becomes 
badly soiled and scarred. There is no great ob- 
jection to the use of a gymnasium as an assem- 
bly hall. Everyone appreciates that he is seated 
in a gymnasium and is not disturbed by seeing 
apparatus hanging from the ceiling and the 
walls. Such double use of an auditorium neces- 
sarily requires a level floor and movable seats. 

Where the auditorium is located in the center 
of the building with corridors all around, it has 
often been found advantageous to place windows 
in the sides of the room, on the gallery or sec- 
ond floor level. These windows serve not only 
to light the corridor, but can be used to provide 
additional space for the audience when the room 
is crowded to its capacity. In these openings, 
however, should be placed hinged sash with ob- 
scure glass, so that when desired the auditorium 
can be entirely closed off from the rest of the 
building and used for the rehearsal of plays, or 
for meetings not connected with the school. 

Acoustics are a troublesome problem. While 
it is acknowledged that no positive or absolutely 
perfect results can be guaranteed, there are. 



nevertheless, certain general principles which 
should be kept in mind and followed as closely 
as possible. If this is done generally good re- 
sults will follow. In the first place, the room 
should not be excessively high. In a high room 
?.n appreciable length of time elapses between 
the instant the sound is made and the instant 
when the i-eflection back from the high ceiling 
reaches the auditors. This produces an echo. 
The wall and ceiling surfaces are better if 
broken up by ornament and projections rather 
than when they are smooth and plain. A plain, 
smooth wall, of course, reflects the sound and 
tends to produce an echo, while one with pro- 
jections tends to break up the sound waves and 
overcomes this fault. As a gallery tends to pre- 
vent the rebounding of all sound waves, a room 
with a gallery is usually better than one with- 
out. A comparatively soft plaster made of old- 
fashioned lime is better than a hard, patent ada- 
mant plaster as it has a tendency to absorb the 
sound waves, while an adamant plaster tends 
to reflect them. 

In spite of all precautions it sometimes hap- 
pens that a new auditorium is very hard to 
speak or hear in, and is otherwise defective from 
an acoustic standpoint. It is not fair, however, 
to judge an empty hall for an echo, because 
when filled with people the result is often very 
different. The people and their soft clothing tend 
to absorb the sound waves, and when defects 
are not too great they are often entirely elimin- 
ated. There are, however, many cases where 
corrective measures are necessary. The old- 
fashioned method of stretching wires across the 
room has long been abandoned as useless. It 
has been demonstrated that a soft covering over 
hard plaster walls absorbs the sound waves and 
overcomes the echo. There is now made especi- 
ally for corrective purposes a heavy felt with 
which the plaster walls of a room are covered 
and formed into panels, as the size of the sheets 
of felt seem to make necessary. This felt in 
turn, is covered with a canvas and is then 
painted to match the decorations of the room. 
Such a simple expedient has been found to cor- 
rect and make almost perfect the acoustic prop- 
erties of some of the most important auditor- 
iums in the country. In the writer's experience, 
when a large auditorium was being designed 
and its importance seemed to warrant it, an ex- 
pert on acoustics has been called in for consulta- 
tion and advice, and the small expense thus in- 
volved has been more than repaid by the satis- 
factory results accomplished. 

The ventilation of an auditorium is a subject 
which cannot receive too much attention when 
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a building is designed. The good reputation of 
the school and those responsible for it, depends 
upon the comfort of the people comprising the 
large audiences which fill our school auditoriums 
many times during the year. These people are 
the taxpayei's of the community and the real 
owners of the building, and as the auditorium 
is practicably the only room they use to any 
great extent, they do not hesitate to express 
their disapproval if everything is not as it 
should be. 

Generally speaking, the most modem ventilat- 
ing system distributes fresh air very thoi'oly 
thruout the area of a room, and does not depend 
on driving the air thru registers on the sides 
or rear of the room with sufficient velocity to 
carry it across one-half the room, and thus pi'o- 
duce unpleasant draughts. Fresh air is now ad- 
mitted thru a number of registers distributed 
in the area of the ceiling and drawn down and 
out thru numerous mushroom covered openings, 
evenly distributed in the floor under the fixed 
seats. This arrangement, when the very best 
system is desired, is made reversible so that in 
summer the air can be driven in at the floor and 
taken out at the ceiling, and during winter taken 
in at the ceiling and out at the floor level. Should 
the reader be interested in the subject of ven- 
tilation, he is referred to the excellent articles 
appearing in the January and Februai-y, 1915, 
numbers of the School Board Journal, by D. D. 
Kimball, President of the American Society of 
Heating and Ventilating Engineers. The sub- 
ject of auditorium ventilation is ably covei-ed in 
the last part of the articles. 

Regarding the general decorative scheme 
which seems so much neglected in the average 
auditorium, dignified and beautiful results can 
be accomplished by the choice and use of a few 
simple coloi's on the walls and ceilings. As a 
rule these colors should be various shades of old 
ivory, buff or light gray. The heavy dark colors 
so often seen give an oppressive and somber at- 
mosphere to the room, which is just the oppo- 
site of the effect desired. 



The stage, proscenium arch and front walls of 
the room are those most in view of the audience 
and should be given the most attention. Usually 
the space between the top of the wood base- 
board and the chair rail is given a faii-ly deep 
tone of buff". From the top of the chair rail to 
the cornice at the ceiling a lighter color is used, 
and the ceiling is made very light cream. The 
moldings around the proscenium arch and the 
ornament in connection with the same ai'e picked 
out in colors to emphasize their importance. If 
money permits, (and it costs but little), the 
large plain wall and ceiling surfaces can be re- 
duced and made more attractive by the addition 
of striped panels or colored stencils. As will 
be seen in some of the accompanying illustra- 
tions, lettered mottoes or inscriptions are often 
introduced into the wall panels with very dec- 
orative effect. A careful type of classic letters 
should be used, however, to avoid the appear- 
ance of the ordinary advertising sign. 

Plaster casts ai-e also introduced into the dec- 
orative scheme with good efl'ect. They should 
however, be carefully considered as to the scale 
and size of the subject and also the space where 
the cast is to be placed. It often happens that 
two spaces of the same size on opposite sides of 
the room should be decorated. In this case the 
casts should not only be approximately the same 
size as to the general dimensions, but the figures 
or ornament in both should be of the same scale. 

While it is always very desirable to paint the 
walls and ceilings of all corridors thruout a 
school building, the money for this purpose is 
often lacking. In any case, where the auditor- 
ium is decorated, the corridor directly in front 
of the doois to the auditorium, and the hall 
leading to the main entrance, should be deco- 
rated in harmony with the auditorium. It is 
very unpleasant to enter a handsome new build- 
ing and find a beautiful auditorium, while every 
part of the building one passes thru to reach 
this auditorium is not decorated or painted. It 
is surely a sign that the money has suddenly 
run short, or that those having the new building 
in charge have been thoughtless. 



The Heating and Ventilation of School Buildings 

D. D. Kimball, President, American Society of Heating and Ventilating Engineers; 
Member, New York State Commission on Ventilation. 



There is annually expended in this country in 
the construction of new public and private school 
buildings approximately the sum of $102,000,000, 
of which vast sum about 10 per cent, or $10,- 
000,000, represents the money expended for 
school heating and ventilating plants. Approxi- 
mately 21,000,000 children spend one-third of 
their daytime in these buildings for forty weeks 
of the year. The importance of such atmos- 
pheric conditions as are conducive to their wel- 
fare thus appeals to us with a force that is com- 
pelling. It is of vast importance that we should 
know that the expenditure of such a sum of 
money is wisely made and that the best condi- 
tions possible are provided for the physical, as 
well as the mental and moral, development of 
this great army of the men and women of to- 
morrow. 

Within the last few years a great deal of criti- 
cism has been directed against artificial venti- 
lation, particularly in school buildings. This 
has been aired in the public press and thru trade 
journals in such a way as to lead to the belief 
that there is little or no merit in artificial venti- 
lation and that much of it is made up of "de- 
vices of the devil" manufactured and sold by 
commercial interests for profit only, without re- 
gard to any merit or existing need. In the main 
these criticisms are unmerited, and without ex- 
ception they are unscientific and ill founded. It 
may not be said that there are no grounds for 
severe criticisms of much of the ventilation work 
of the past, but the justification for such criti- 
cism lies in other than lack of knowledge or 
ability on the part of the engineers and may 
not be applied to the work of the best engineers 
under proper conditions. 

The most of the failures of the ventilation 
work of the past may be justly attributed to in- 
suflScient appropriations for the installation of 
ventilating systems and for their maintenance 
and operation. Very many installations are in- 
complete, ill designed, and installed with the use 
of unsuitable or cheap apparatus and material. 
The majority of ventilating systems for school 
buildings have, in the past, been designed by 



architects, contractors, and manufacturers of 
apparatus or patented systems. No injustice to 
the architect is intended by this statement, but 
architecture and engineering are two very dif- 
ferent professions involving difl'erent training, 
experience and temperament. The field of the 
contractor and manufacturer is essentially dif- 
ferent from that of the consulting engineer. 
Tho it be true that many of the large contract- 
ing firms maintain a force of engineers, the 
work of such engineers is especially that of car- 
ing for the installation of systems designed by 
others. 

Noisy apparatus and systems are often urged 
as an objection to heating and ventilating plants, 
but the presence of noise of any kind is quite 
unnecessary and is evidence only of lack of skill 
in design or installation. Failure to maintain 
proper upkeep and repairs is responsible for 
many of the failures of ventilating plants. Were 
the upkeep and repairs of the school buildings 
themselves neglected to the same extent as oc- 
curs in the case of the heating and ventilating 
plants a great many buildings would annually 
become positively unsafe for occupancy. 

Possibly the most frequent and the most ser- 
ious cause of failure is the absence of proper 
skill in operation. It is annoying to note the 
number of plants which are operated by boys 
or janitors who know absolutely nothing of the 
rudiments of fuel burning or care of a steam 
plant or of a ventilating system. Such men 
waste daily fuel costing more than the gross 
amount of their wages. The loss in repairs and 
maintenance of the plant is more important still, 
and the loss in the eflSciency of the plant is vast- 
ly more serious. 

Often too, there are such restrictions applied 
by the authorities to the operation of the plant 
or the work of the janitor that the proper opera- 
tion of the plant is impossible. If a school 
board directs that the ventilating plant must 
not be operated before December first, or after 
April first, regardless of outside weather condi- 
tions or the needs of the building, is it to be 
wondered that complaints of insuflScient ventila- 
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tion are often heard? If the janitor is offered 
a bonus for saving coal, is it surprising that the 
ventilation suffers ? If it be further required 
that he must at all times operate his fan en- 
gines, should it be regarded as remarkable that 
he removes the belt betvi^een the engine and 
fan? Thus he saves coal and yet operates his 
engine, but no air is being supplied to the build- 
ing. Manifestly the building suffers for lack 
of ventilation, and the ventilating plant is 
charged with failure. 

The ventilating plants for the school build- 
ings of a certain city are designed by one de- 
partment, their operation is supervised by an- 
other, they are kept in repair by another depart- 
ment, the fuel is purchased by still another de- 
partment, and the janitors and firemen are em- 
ployed by yet another department. It is remark- 
able that there is an absence of correlation in 
the work of the various departments, with the 
result that the systems remain in need of re- 
pairs, sometimes for months, during which time 
portions of the plant are not in use ? Often im- 
proper fuel will be selected. Confusion results, 
and to a serious degree the successful operation 
of the ventilating plants is threatened. 

Very few of the vast number of school build- 
ings erected in this country are provided with 
automatic recording insti-uments to determine 
the efficiency of the operation of the heating 
and ventilating plant, either from the stand- 
point of fuel consumption or as to the results 
obtained in the building. Such instruments in- 
telligently used would largely reduce operating 
costs. In very few instances is there any system 
of supervision to assure the proper maintenance 
of the economical operation of the school ven- 
tilating plant. In a few instances such super- 
vision is in vogue with results in economy and 
eificiency which have more than justified the 
expense of the system of supervision. These, 
and other similar conditions might be cited to 
explain failures of artificial ventilating systems, 
but therein is no ground for the condemnation 
of the artificial ventilating system properly in- 
stalled and properly operated. 

A criticism which may possibly be directed 
against heating and ventilating engineers is 
that they have too often submitted to the im- 
position of conditions making success impos- 
sible, usually due to restricted appropriations 
for the installation of the heating and venti- 
lating plant. It is to be regretted that every 
consulting engineer will not decline to under- 
take the design of a plant for which a suffi- 
cient appropriation is not made, just as it is 



to be regretted that a school building com- 
mittee will insist that an architect shall under- 
take to provide plans for a larger building than 
may be well built for the money available, or 
that other committees will insist unon an orna- 
mental structure or the use of stone, marble or 
other decorative materials at the expense of the 
heating and ventilating equipmeTit. pvp.n tho the 
latter is that element of the building which 
means most for the health and comfort of the 
children. 

Largely as a result of the criticisms directed 
against the artificial ventilating system many 
investigations and experiments have been con- 
ducted, some of the most important being those 
of Fluegge, Hill, Milner, Benedict, Lee, Crowder, 
Winslow and Baskerville, the work of the New 
York State Commission on Ventilation, and ex- 
periments in the Boston and Minneapolis schools 
and elsewhere. 

Out of the vast amount of work that has been 
done has come a realization that, altho the volu- 
metric standards of the past were substantially 
correct in amount, the bases thereof were mis- 
understood. Heretofore the practice of the art 
of ventilation has been based on the theory that 
a certain amount of fresh air must be supplied 
to maintain the purity of air of the occupied a- 
partment. A certain proportion of carbon diox- 
ide in the air has been used as a basis in deter- 
mining the standard of ventilation, or the amount 
of air required for ventilating purposes. The 
permissible standards, or the limit of CO in the 
air of the schoolroom, is stated by different au- 
thorities to be as follows: 

Barry 6 parts in 10,000 

Carpenter 8 parts in 10,000 

Allen 7-10 parts in 10,000 

Shaw 7 parts in 10,000 

Bowler 6-7 parts in 10,000 

The generally accepted standard has provided 
that the air of the schoolroom shall not contain 
over seven to eight parts CO,, in 10,000 parts of 
air. Using the formula 
N. 6 

V=10,000 

S-4 
to be supplied, 10,000 represents 10,000 parts of 
air, N the number of occupants, .6 the amount of 
carbon dioxide given off per person per hour in 
cubic feet, S the standard of purity to be main- 
tained in the air of the room and 4 the number of 
parts of carbon dioxide ordinarily found in out- 
door air, the amount of air required per person 
to maintain eight parts CO., in an occupied 
apartment is found to be 1,500 cubic feet of air 
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per hour per person, and to maintain seven parts 
CO, 2,000 cubic feet of air per hour per person. 
In practice, and in accordance with all the laws 
covering the ventilating of school buildings, it 
has been customary to design school ventilating 
plants on the basis of 1,800 cubic feet of air per 
pupil per hour. In this connection the following 
authorities are quoted as to the number of cubic 
feet of air per hour required for schoolroom 
ventilation: 

Barry 1800 

Dresslar 2000-2500 according to grade 

Morrison 2000-3000 according to grade 

Carpenter 3000 

Allen 2400 

Woodbridge 2500 

Rafter 850-2000 according to grade 

Shaw 1800 

Bowler 3000 

While 1,800 cubic feet of air per pupil per 
hour, is the subject of general agreement in the 
matter of schoolroom ventilation, there are some 
school boards which, desiring the best possible 
atmospheric conditions in the schoolrooms, have 
placed the maximum CO., content of air of a 
schoolroom at six parts in 10,000 parts of air, or 
3,000 cubic feet of air per hour per pupil. So 
far as it relates to healthful atmospheric condi- 
tions there can be no objection to such a stand- 
ard, but it is not believed that such an air vol- 
ume is essential to proper ventilation if all other 
requisites are properly considered. 

Carbon dioxide is no longer regarded as harm- 
ful. It may, however, be taken as a good index 
or measure of the air supply and diffusion. 

Until recently the standard for temperature 
within the schoolroom was 70 degrees. Within 
the last two to four years 68 degrees has been 
generally adopted as the most desirable school- 
room temperature, and there seems to be com- 
plete agreement that the temperature of the 
schoolrooms should not exceed this mark. Some 
efforts have been made to reduce this tempera- 
ture to 65 degrees and even less, but it has not 
been demonstrated that such a low temperature 
is satisfactory. It is at least to be doubted 
whether it will be satisfactory unless a proper 
degree of humidity is maintained. 

Until very recently such refinements as air 
filtration, air washing, temperature regulation, 
humidification and the general diffusion of air, 
were not regarded as essential details of a heat- 
ing and ventilating plant, but all of these fac- 
tors have now become recognized as of vast im- 
portance in ventilation work. 

In the new conception of ventilation three 



things stand foremost. These are. Temperature, 
Humidity and Air Movement. 

As stated above the temperature of the school- 
room should be 68 degrees. 

In the matter of relative humidity there is no 
such agreement as to the necessity of providing 
for artificial humidification, nor is there an 
agreed standard of relative humidity. 

The following authorities are quoted as to the 
desirable percentage of relative humidity which 
should be maintained in occupied apartments: 

Wolpert 407f'-60% Rubner 30%-60% 

Oesperlen ... .40%-607o Riepzchel ...30%-40% 

Scherer 30%-60% Richardson ..40%-60% 

Paul 40%-60% Shepherd .... 30%-55% 

Rietschel 40%-60% Brefflar 40%-50% 

Smith 50%-60% 

There exists in the above a general agreement 
that the relative humidity should not be less 
than SO per cent nor more than 60 per cent. 
The prevailing opinion is that the minimum 
should be 35 per cent and that it is not neces- 
sary to provide artificial humidification in ex- 
cess of 45 per cent to 50 per cent. 

In extremely cold weather a relative humidity 
in excess of 35 per cent will cause a freezing on 
the windows. While there is no element of harm 
in this it has led engineers to so design the arti- 
ficial humidification system that 35 per cent 
should be the maximum in extreme cold weather. 

It has been stated that the dry air produces 
adenoids and a thickening of the mucous mem- 
brane of the respiratory passages which, long 
continued, results in hypertrophy thereof, and 
conditions which make infection easily possible. 
Also that it produces restlessness and nervous- 
ness and results in inattention and lassitude. 

A higher degree of relative humidity is said 
to produce quiet and restfulness, permitting a 
greater degree of concentration and effort. 

Debated as these views are the consensus of 
opinion favors such artificial humidification as 
will prevent a relative humidity of less than 35 
per cent in occupied apartments and the best 
school heating and ventilating systems designed 
today provide for means of artificial humidifi- 
cation, as will be explained. 

It may not be questioned that the degree of 
relative humidity has a decided effect on the 
feeling of comfort at a given temperature. A 
high temperature is necessary for comfort if the 
air is dry. This is so because the hot, dry air 
absorbs a great deal of heat from the body in 
the evaporation of moisture from the surface 
thereof because of the capacity of hot, dry air 
for moisture. With a higher relative humidity 
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the absorption of moisture, and consequently the 
absorption of heat, is lessened, and the room 
temperature may be lowered. The extent of this 
lowering of the temperature is variously stated 
to be from two to ten degrees. Conversely a 
very low temperature with high humidity pro- 
duces a feeling of chill, because of the rapid 
absorption of heat from the body by the moist- 
ure in the air. 

It has been erroneously stated that by the 
lowering of the temperature and the raising of 
the relative humidity a large saving in fuel 
could be made. The fact of the matter is that 
even should the temperature be lowered ten de- 
grees the amount of heat required to produce 50 
per cent relative humidity in zero weather would 
require the use of four times as much heat and 
fuel as would be saved by the ten degree reduc- 
tion in room temperature. Incidentally, approx- 
imatey one to one and one-half horse power of 
additional boiler capacity is required for the 
artificial humidification of each standard class- 
room. 

Artificial humidification of school buildings 
has met with pronounced favor wherever tried. 

The problem of temperature and humidity, as 
will be seen from the above, are closely inter- 
woven. With these is also linked the third, and 
possibly the most important element of artificial 
ventilation as it is viewed at this time, that of 
air movement required for the removal of the 
heat and moistui-e given off by the body. 

The heat given off" by the body of an adult at 
rest is variously stated by authorities as follows : 

Pettenkof er 400 Heat Units per hour 

Benedict and Milner. . . .-375 Heat Units per hour 

Rubner 380 Heat Units per hour 

Landois and Roseman . . . 368 Heat Units per hour 
Atwater and Benedict . . . 366 Heat Units per hour 

Fluegge 495 Heat Units per hour 

Wolpert 400 Heat Units per hour 

As will be noted the average is approximately 
400 heat units per person per hour. The amount 
varies with the size of the body, degree of ac- 
tivity, food consumed and dress. For a grade 
school pupil the heat given off amounts to about 
300 Heat Units per hour. 

The moisture elimination from the human 
body at rest is stated by Thomas to be one- 
twelfth of a pound per hour, and by Milner and 
Benedict to be one-fourteenth to one-twelfth of a 
pound per hour. 

This combination of heat and moisture, re- 
maining and accumulating in the air immedi- 
ately surrounding the body, produces a hot aerial 
envelope and brings about identically the same 



uncomfortable conditions as exist in a room of 
high temperature and humidity without ventila- 
tion. Hence it becomes vastly important that 
there should be such a movement of air sur- 
rounding the body as will remove this film of 
hot, moist air. 

Much has been said of the rising column of 
air surrounding the body with the inference that 
this column of rising air, induced by the heat 
and moisture of the body, causes an upward cur- 
rent of air which, if not sufficient to bring about 
ventilation, at least assists upward ventilation. 
The fact of the matter is that it does not do this. 
It is stated by Shaw tliat this upward movement 
of the air surrounding the body is equal to one 
and one-half to two feet per second. In any case 
it is so slight as not to be considered a factor in 
the problem of ventilation or in the determina- 
tion of the system of ventilation, or the direc- 
tion of air movement therein. Such movement 
of air is upset by the least air current due to the 
operation of any ventilating system or other 
causes circulating the air within the room. Al- 
so, it is more than offset by the cooling effect 
of windows, walls, doors and roofs. 

In the case of a standard classroom the heat 
given off by the pupils is equal to fifty to eighty 
square feet of direct steam radiator surface. 
Manifestly the schoolroom must be provided 
with suflicient heat to produce the desired tem- 
perature at the time of its occupancy. This 
amount of additional heat from the pupil must 
be carried off continually. The removal of this 
heat increment can best be accomplished thru 
the medium of air, exhausted from the room, 
which is replaced by a constant supply of fresh 
air at a temperature which will permit of the 
taking up of this heat without the over-heating 
of the room. 

It has been found difficult to introduce air into 
an occupied room at a temperature of more than 
ten degrees less than the room temperature 
without causing annoying draughts. Three hun- 
dred heat units, which, as stated above, are 
given off per pupil will heat approximately thir- 
ty cubic feet of air thru a range of ten degrees. 
Therefore it is that thirty cubic feet of air per 
pupil per minute is detemiined upon as the 
amount required for ventilating purposes in 
schoolrooms. This new basis of determining the 
volume of air required for ventilation is the only 
logical one, and is recommended by Rietschel, 
Winslow, Franklin and others. Experience has 
thoroly demonstrated that this volume of air, 
properly introduced and diffused thruout the oc- 
cupied space of the room, will absorb and carry 
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off the heat and moisture given off by the occu- 
pants thereof and give satisfactory ventilation. 

As evidence of the effect of a high tempera- 
ture recent experiments conducted by tlie New 
York State Commission are of interest. Ap- 
proximately 15 per cent less work was done by 
the subjects with a room temperature of 75 de- 
grees than by the same students with a room 
temperature of 68 degrees. At 86 degrees the 
volume of work done fell 35 per cent. The same 
conditions relating to food, nature of work and 
other details were maintained during both tests. 
This statement relates to the amount of work 
voluntarily done rather than the amount which 
might be done under necessity. 

The less importance now attached to the pro- 
portions of carbon dioxide and oxygen contained 
in the air, and the significance of air movement 
and high temperature may be illustrated by ref- 
erence to experiments conducted by Dr. Leonard 
Hill. He observed three students confined in a 
small air-tight chamber. He says: "We have 
watched them trying to light a cigaret (to re- 
lieve the monotony of the experiment) and puz- 
zled by their matches going out, borrowing 
others, only in vain. They had not sensed the 
percentage of diminution of oxygen, which fell 
below seventeen." As is well known the per- 
centage of oxygen in the occupied apartment 
rarely falls below twenty. The temperature and 
humidity within the chamber became so exces- 
sive that the students became wilted and faint. 
The starting of electric fans within the chamber 
brought prompt relief. The breathing of out- 
side air thru a tube brought no relief, while the 
breathing of air within the chamber by students 
without caused no discomfiture. The relief felt 
because of the operation of the fans would 
doubtless continue until the temperature and hu- 
midity rose much higher. This and many other 
similar experiments have demonstrated the im- 
portance of such air movement as will remove 
from the body the heat and moisture given off 
therefrom. 

Experiments made by the New York State 
Commission on Ventilation to determine the rel- 
ative effects of stagnant air and fresh air 
showed a distinct decrease of appetite in the 
stagnant air altho the subjects were apparently 
not otherwise affected. Whether this was due to 
the sub-conscious effect of odors or was indica- 
tive of other, and possibly more serious, effects 
has not yet been determined. This matter is 
being further studied. 

As a result of two years of experimentation 
at the International Y. M. C. A. College the con- 



clusion is reached that "The foul, dry air ordi- 
narily found in gymnasiums greatly lessens the 
value of the exercise." It is quite conceivable 
that mental effort may be similarly affected. 

The importance of the effect of dust in the air 
of a room is a much debated question. There 
are those who assert that dust is an irritant, 
causing serious disturbances in the respiratory 
tract, and that it is the bearer of germs which 
obtain entrance to the system thru irritations 
and abrasions caused by the dust. Still others 
assert that dust coming into contact with steam 
heated surfaces produces carbon monoxide and 
carbon dioxide thru the process of distillation 
and that the oxidization of this dust robs the air 
of oxygen. The general belief prevails that such 
dust as is found in the air of the schoolroom is 
not directly harmful and the theory of aerial in- 
fection is abandoned. At least it is not materi- 
ally affected by ventilation. The investigations 
of Professors Winslow and Baskerville in the 
New York City schools demonstrated that the 
amount of bacteria existing in the schoolrooms 
was negligible. None, however, contend that the 
removal of dust is not highly desirable, for altho 
it involves no real ill it is certainly unclean and 
objectionable. It is quite probable that the cum- 
ulative effect of breathing dusty air is bad. Cer- 
tainly this is so in the dusty trades. 

Odors are not generally believed to have any 
physiological significance. Many persons, how- 
ever, are affected thereby psychologically while 
with others there seems to be direct lessening of 
the appetite which may directly affect the ca- 
pacity for work. 

Much discussion has been applied to the ques- 
tion of the organic content of exhaled air. A 
great many experiments have been made to de- 
termine the merits of this question. It is now 
very generally agreed that there is no toxic mat- 
ter or poison, sometimes referred to as "crowd 
poison," in the air of an occupied apartment. 

Ozone is no longer advocated a substitute for, 
or as an auxiliary to, artificial ventilation, ex- 
cept, possibly in some of the industrial processes. 

Trade and local poisons do not enter into the 
problem of school ventilation except to the ex- 
tent that extreme care should be used in the lo- 
cation of the fresh air intake so that by no pos- 
sibility should the air taken into the building for 
ventilation become contaminated by smoke, 
sewer gas, stable odors or any local or trade 
dusts or poisons. 

Probably no question relating to school venti- 
lation has been more discussed within the last 
three or four years than has that of open air 
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schoolrooms. The advocates thereof assert that 
artificial ventilation is a failure, and maintain 
that the open air schoolroom and window venti- 
lation has proved a remarkable success. But has 
the matter been fully analyzed? Usually a 
small class is the subject of this experiment, the 
class being conducted by specially selected and 
enthusiastic teachers; the students are given 
short lesson periods, ample rest periods, sleep 
periods and exercise periods. They are given 
special medical attention. Their physical wel- 
fare and mode of living are more or less subject 
to the care of nurses, their homes are visited ta 
see that the best possible conditions are provided 
therein for the children, they are provided with 
medicines and furnished with lunches of special 
quality. With all these helps it would be strange 
indeed if the physical and mental progress of 
these children were not remarkable. But is 
there any assurance therein that the progress 
made is due solely to fresh air, or that similar 
results could not be obtained in closed rooms 
properly ventilated ? 

Experiments recently made seem to indicate 
that the elimination of the special diet alone 
lessens the results obtained in the open air 
schoolrooms. What the results might be with 
the elimination of one or more of the other 
special features is not known. Whether similar 
results can be obtained in a closed room with a 
similar regime also is not known. It has been 
reliably stated that the introduction of all of 
these special open air schoolroom features, with 
the special clothing required by the pupils, ap- 
plied to the entii'e school system of the City of 
New York, would involve an annual increased 
expenditure of approximately $3,000,000. 

An investigation of this problem of open air 
schoolrooms is being planned. The scheme pro- 
posed provides for the use of six schoolrooms, 
each containing the same number of children of 
the same age, living under approximately the 
same home conditions; one room is to be a closed 
schoolroom with 68 degrees temperature and the 
usual closed school regime, a second room is to 
be a closed room with 68 degi'ees temperature 
with the open air school regime, another room is 
to be an open air room with the usual open air 
school regime, another room is to be an open air 
room with the standard closed schoolroom re- 
gime, another room is to be a closed room with 
50 degrees temperature and the closed school- 
room regime, and the remaining room is to be 
a closed schoolroom with 50 degrees temperature 
and the open air schoolroom regime. The 50 
degrees temperature in the last two rooms would 



be continued only as long as outside weather 
conditions would permit. It is believed that such 
an investigation will give a great deal of valu- 
able information on this important subject of 
open air schoolrooms. 

The extensive investigations of Professors 
Winslow and Baskerville on atmospheric condi- 
tions of the New York City Schools warrant the 
belief that no superiority was apparent in the 
case of the naturally ventilated schoolrooms 
within the City of New York. The best and 
worst results were found in the artificially ven- 
tilated schools, the operation of the ventilating 
plant proving an exact index to the capability of 
the janitor. Manifestly it should be easier to 
secure proper results by selecting one capable' 
engineer to operate a well designated and well 
installed system than by placing dependence 
upon a large number of teachers who have many 
other duties to perform and who know little of 
either the importance or method of operating 
the windows or plant to secure the best room 
conditions. It is common knowledge that one 
may remain within a room while the tempera- 
ture rises to 75 or 80 degrees without becoming 
aware of such a condition. This is exactly what 
happens when the control of the temperature 
and air supply is left to the teachers. Such a 
condition results in listlessness, inattention, 
sleepiness, dizziness and even nausea on the part 
of the pupils. 

With the artificial ventilating system it is pos- 
sible to maintain indefinitely any temperature, 
relative humidity, air volume and air movement 
desired within the schoolroom or to vary these 
as required. It is impossible to maintain such 
a condition in a schoolroom by the manual con- 
trol of radiators and the use of windows. 

The failure of a teacher to give attention to 
the regularity of temperature results in high 
and excessive temperature changes, because of 
the extreme difficulty, and even impossibility, of 
maintaining the air supply thru the windows 
without draughts on some of the pupils, or of 
providing an air supply thru the windows when 
their is no breeze outside, or of providing an air 
supply on the leeward side of the building. Man- 
ifestly a breeze can produce an air current thru 
the windows upon but one or two sides of the 
building. The rooms on the other two or three 
sides of the building must fail to receive the 
proper air supply. 

An eifort to ventilate the school by means of 
windows is most often sure to result in objec- 
tionable draughts in the rooms on one side of 
the building, with some stagnant areas in all of 
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the rooms, while on the other side of the build- 
ing the only air received by the schoolrooms is 
that coming from other rooms, which results in 
uncomfortable conditions in these latter rooms. 
And what is to be said of the dust coming in 
thru the windows ? And how may the humidity 
be regulated? 

The suggestion is often made that the win- 
dows should be opened at the top and bottom so 
that the fresh air may come in at the bottom 
while the hot, foul air goes out at the top. Such 
a suggestion is absurd because a wind pressure 
sufficient to bring air in at the bottom also 
brings air in at the top. The absence of a breeze 
which is sufficient to bring air in at both bottom 
and top permits of only the slightest amount of 
air movement in thru the bottom and out of the 
top, the amount thereof being entirely insuffi- 
cient for the ventilation of the schoolroom. The 
only merit of this scheme is to secure greater 
diffusion of the air entering thru the window. 

The recirculation of the ventilating air of a 
building has recently received much attention. 
The experiments of Dr. McCurdy at the Spring- 
field Y. M. C. A. and of Professor Bass of Min- 
nesota have opened a wide field of investigation. 
In the former case the results obtained by the 
recirculation of air thru an air washer were 
quite as satisfactory as those obtained with out- 
side fresh air. Indeed the air when recirculated 
thru the washer was freer of dust than outside 
air not washed, and to this extent was superior 
to the outside unwashed air. In Professor Bass's 
experiments he also obtained satisfy ctnvy results 
in schoolroom ventilation with recirculated air, 
even with reduced air volumes, when admitted 
to the room directly in front of each individual 
pupil. His results, however, were not as satis- 
factory as to the elimination of odors by means 
of the air washer as were Dr. McCurdy's, where 
strong gymnasium odors seemed to be satisfac- 
torily eliminated by the air washer. In the 
Springfield experiments much larger air volumes 
were used than are customarily used in school 
buidings, and in the Minneapolis experiments 
the effort appears to have been limited to an 
attempt to equal conditions in a room ventilated 
in the usual manner. During the past year 
these experiments have been continued under the 
direction of, and with the support of the New 
York State Commission on Ventilation. 

By recirculation a material saving is made in 
the cost of fuel otherwise required for heating 
the outdoor air. This is partially offset by the 
cost of water required for rehumidification. 
However, the study of recirculation has not been 



carried far enough to warrant a recommendation 
of recirculation in school building ventilation. 

The subject of artificial cooling, as applied to 
school buildings, has received very little thought. 
A few artificial cooling plants have been suc- 
cessfully applied to hospitals, banks and resi- 
dences and there is no reason why cooling should 
not be applied to school buildings where sessions 
are held during the warm weather. The most 
serious difficulty involved lies in the fact that 
such artificial cooling plants are very expensive 
to install and operate. The cooling plant may 
be installed in connection with an air washing 
system, but at a cost of approximately $300 to 
$600 per 1,000 cubic feet of air to be cooled. The 
volume of air used, however, may well be re- 
duced by one-half of that required for winter 
ventilation. In the matter of operation the cost 
for cooling ten degrees is approximately the 
same as that of heating to 70 degrees in zero 
weather. This is largely due to the fact that to 
accomplish successful cooling it is necessary to 
de-humidify the air or else the moisture content, 
or relative humidity, will be so great as to result 
in an uncomfortable "clammy" feeling. 

If, as now seems proven, a high room temper- 
ature produces discomfort and physiological dis- 
turbances in the body resulting in a lessened in- 
clination to do physical and mental work, the 
question of artificial cooling assumes a new im- 
portance. 

Many methods have been used in the installa- 
tion of ventilation equipment for school build- 
ings. These may be generally classified as fol- 
lows: 

1. Natural ventilation. This term may be 
properly applied to only open air schoolrooms 
without artificial heat or ventilation; and to 

2. Direct radiator systems, in which direct 
radiators are used for heating and dependence 
for ventilation is placed upon the use of win- 
dows. 

3. Direct-indirect radiator systems, in which 
the air supply for the rooms is secured by means 
of small openings directly back of and under the 
radiators for the passage of air from the outside 
into the room thru the radiator. 

4a. Gravity indirect system, without accel- 
erated exhaust. In this system the air enters 
the building thru basement windows or other 
openings and passes over indirect radiators lo- 
cated at, or near, the base of flues connecting 
to the schoolrooms, the heating effect of the in- 
direct radiators being depended upon to main- 
tain the air supply to the schoolrooms. No pro- 
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vision is made to assure the exhaust of vitiated 
air in this system. 

4b. Gravity indirect system, with accelerat- 
ing radiators in the vent flues to assure the ex- 
haust of the vitiated air. 

Direct radiators are customarily, but not nec- 
essarily, used in connection with these gravity 
systems. 

5a. Single fan systems, with no accelerating 
radiators in the vent flues. 

5b. Single fan systems, with accelerating ra- 
diators in the vent flues. 

In connection with these systems, direct radia- 
tors are customarily, but not necessarily, used. 

6. Double fan systems, with no direct radia- 
tors in the classrooms. 

7. Double fan systems, with direct radiators 
in the classrooms, often referred to as the "split 
system." 

The direct-indirect method of air supply is 
most inefiicient and unsatisfactory. Under the 
best weather conditions only, that is, with the 
wind blowing directly against the outside open- 
ing, will any air pass thru the opening and radi- 
ator into the room, and even then the air supply 
will be sufficient only for two pupils per radia- 
tor. Under other than the most favorable con- 
ditions no air is supplied by such a system. The 
increased size of the radiator necessary for the 
heating of the air results in over-heating the 
room during much of the time. This system 
may be combined with some form of an exhaust 
system to remove the heated and vitiated air, 
but the efficiency of the exhaust system is seri- 
ously lessened because of the small air supply 
secured thru the direct-indirect radiators. 

Natural ventilation has been discussed above. 
Gravity ventilation, often confused with natural 
ventilation, is seriously objectionable in that its 
operation depends wholly upon outside atmos- 
pheric conditions. It is customary to design such 
systems on an assumed difl'erence of 40 degrees 
between the outdoor temperature and the desired 
room temperature; that is, if 68 degrees is de- 
sired in the schoolroom 28 degrees is assumed 
as the outside temperature. When the outside 
temperature is less than 28 degrees an increased 
volume of air is provided by the gravity ven- 
tilating system, but when the outside tempera- 
ture is above 28 degrees less than the intended 
amount of air is delivered by the gravity venti- 
lating system. Inasmuch as the outside temper- 
ature is above 28 degrees for the greater portion 
of the heating season the gravity ventilating 
system fails to maintain the supply of air at the 
intended standard much of the time. Because 



ventilation is most needed in mild weather, this 
becomes a serious defect. 

Any system of ventilation which is without 
means of making positive the exhaust of vitiated 
air, that is, ventilating systems without either 
accelerating radiators in the vent flues or ex- 
haust fans, are seriously deflcient because the 
removal of exhaust of the vitiated air is not 
assured. Very often in such systems this ex- 
haust of the vitiated air fails entirely; in any 
case it proves to be variable in amount, and 
sometimes back draughts of cold air down the 
vent flues into the classrooms become serious. 
The use of accelerating radiators in the vent 
flues is subject to the same objection as has been 
applied above to the gravity systems of ventila- 
tion. They are wholly dependent upon atmos- 
pheric conditions, are often troublesome, and the 
cost of exhausting the vitiated air by this means 
is from four to ten times as great as the cost of 
exhausting the same amount of air by means of 
motor driven exhaust fans, the exact ratio de- 
pending upon the prevailing cost of fuel and 
electric current. Because of the fact that the 
cost of the fuel used in making the steam con- 
densed in the accelerating radiators cannot be 
separated from the fuel used in heating a build- 
ing, the cost of operating the gravity exhaust 
system is not known to the school board and so 
passes unnoticed, while the less cost of the elec- 
tric current used in operating motors driving 
the exhaust fans, is carefully scrutinized and 
often harshly criticized by the board. 

Every heating and ventilating engineer will ^ 
agree that the most efficient and economical 
method of supplying and exhausting the air re- 
quired for school buildings is that of using fans 
for both the supply and exhaust of air used in 
ventilating. Whether the fans should be driven 
by steam engines, electric motors, gas engines, 
or water motors will depend entirely upon local 
conditions. The use of electric motors has the 
advantage of simplicity and ease of manage- 
ment, requires less skill and meets with the most 
favor. 

The use of direct radiators in all portions of 
the school building, except in the classrooms, 
is practically universal. There is some differ- 
ence of opinion as to the wisdom of the use of 
radiators in the classrooms, but this is now gen- 
erally conceded as wise and is in general prac- 
tice. Without radiators in the classrooms the 
air supplied for ventilating purposes must be 
heated to a temperature ranging from 100 to 130 
degrees and this is regarded as most undesir- 
able. Further, the best results in heating and 
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ventilating work are obtained when the heating 
and ventilating work of the plant are separate 
features thereof. The direct radiators provide 
for greater economy in operation, in that they 
serve the purpose of heating the building be- 
fore the period of its occupancy, and they permit 
of the continued warming of the building after 
school hours for the use of the teachers or de- 
tained pupils. By some authorities the radiant 
heat from the radiators is regarded as beneficial 
but this is open to serious doubt. 

Some designers install sufficient radiation in 
the rooms to maintain a temperature of 70 de- 
grees in zero weather independent of the opera- 
tion of the ventilating plant. This is seriously 
objectionable in that it places in the classroom 
too large heating units which cool off so slowly 
as to increase the temperature of the room after 
the radiator valves have been closed, and the 
large radiators heat up too slowly when steam is 
admitted. These large radiators also involve 
large concentrated heat areas which affect the 
nearby pupils and are otherwise objectionable. 
The best method provides for the use of only 
such an amount of direct radiation as will equal- 
ize or balance the heat losses thru the windows 
and exterior walls. This radiation should be 
divided into two or more small units distributed 
along the outside walls, preferably under the 
windows where they are most efficient in coun- 
teracting the cooling effect of the windows and 
outside walls, and where they are less likely to 
interfere with the use of the blackboards. It is 
desirable also that these radiators should be sup- 
ported from the walls by means of brackets, 
with three inches between wall and radiator and 
five inches between the bottom of radiator and 
the floor. The radiator so located can be readily 
cleaned on all sides, as can the floor under the 
radiator. 

The type of boilers to be used depends en- 
tirely upon the size of the building. Only the 
largest of buildings warrant the use of water 
tube boilers. Even in such cases the horizontal 
return fire tube boilers will be just as safe and 
economical and less expensive. Fire box boilers 
have many advantages for medium sized school 
buildings. 

Cast iron sectional boilers, if of ample capac- 
ity, are satisfactory for small buildings. If 
combined with indirect blast coils special care 
must be exercised to see that the height from 
the water line in the boiler room to the bottom 
of the heating coils is not less than four feet. 

Fire box and cast iron sectional boilers are 
now made with double grates, the upper grate 



being a water grate and the lower grate of the 
usual type. These boilers are known as "dovsTi- 
draught" smokeless boilers, and are designed for 
the smokeless combustion of soft coal. They 
have proven very efficient, both in smoke pre- 
vention and in the economical use of fuel. 

The general details of equipment and piping 
in school buiding heating and ventilating plants 
are very generally understood and will not be 
discussed here. 

A separate system of steam piping should be 
installed for the direct radiators and for the in- 
direct radiators or air heaters. This method will 
make possible the shutting off of all of the direct 
radiators in mild weather during the hours of 
occupancy. 

The recent developments in vapor, atmos- 
pheric, modulating, and vacuum systems, as ap- 
plied to school buildings, makes the use thereof 
highly desirable. By means of such systems the 
amount of steam admitted to each radiator can 
be moderated to meet exactly the demand for 
heat as influenced by the outdoor temperature. 
This overcomes the most serious objection to the 
steam heating system. Heretofore when the 
least heat was required, as in mild weather, the 
radiator valve was opened and the radiator was 
completely filled with steam, thus liberating into 
the room as much heat as would be required in 
zero weather. In these new systems only such 
an amount of steam is admitted to the radiator 
as is required to supply the heat necessary to 
maintain the desired temperature. These sys- 
tems also have the further advantage of elimi- 
nating the use of air valves, which are a con- 
stant source of trouble. 

The vapor systems are applicable to small 
buildings, but they require the use of radiators 
of very nearly the size required in hot water 
heating systems, while the atmospheric, modu- 
lating and vacuum systems require no larger 
radiators than do the old style gravity heating 
systems. These systems are applicable to build- 
ings of all sizes. These systems all require 
special type of valves on the return end of the 
radiator and on the supply end of the radiator a 
special type of modulating or fractional steam 
admission valve is used. The increased cost of 
such systems is very slight (usually not over 
two to four per cent of the cost of the old style 
gravity systems). There are available many 
makes of valves applicable to such systems. The 
vacuum system involves the use of a vacuum 
pump, which is an inexpensive and simple de- 
vice. In small buildings it may be operated by 
an electric motor. The saving of the cost of the 
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air valves, with the further saving made possible 
by a reduction in the size of the return piping 
system and its insulation, will go far towards 
covering the extra cost of the modulating and 
vacuum valves. 

If systems involving the use of air valves are 
used these air valves should be of the drip line 
type only, with drip lines to basement outlet. 

The source of air intake for the building- 
should be such that the air will be free of any 
contaminating odors and dust. If the point of 
intake is surrounded by a well grassed lawn, 
and especially if air washers are used, little ob- 
jection can be made to taking the air in at the 
grade level, but it should never be taken in at 
grade level off a street or play-court. The tak- 
ing of the air from the roof level is to be com- 
mended. Possibly the best practice is to take 
the air from a level midway between the ground 
and roof, but not less than twenty feet above the 
ground, as the air will often be found freer of 
dust at this level than at the roof. 

If a gravity system of ventilation is to be 
used the usual type of cast iron indirect radia- 
tors will be found satisfactory. In connection 
with fan systems of air supply the pipe coils 
specially made for the purpose, or the cast iron 
vento radiation, may be used. The methods of 
applying these heaters are varied and depend 
upon the building conditions. 

Many types of fans are available for supply- 
ing and exhausting the air to and from school 
buildings. The most generally used, and the 
most satisfactory, are the steel plate fans. These 
may be either of the "paddle-wheel" type or of 
the new Multiblade pattern, the latter having 
the advantage of occupying less space and being 
more efficient in the consumption of electric cur- 
rent. The disc pattern and cone type fans 
should rarely be used and only where the air 
velocities and resistances existing are very low, 
inasmuch as this type of fan is capable of over- 
coming but a very limited resistance. Only in 
the smallest of school buildings should they be 
used. 

The installation of a number of small fan 
units is much preferable to the use of a less 
number of large fans. The installation and 
operation of the smaller units involve less com- 
plication in design and operation; a small sys- 
tem is always easier understood by the janitor, 
and a number of small plants rather than a sin- 
gle large plant will always be found a more flex- 
ible and satisfactory arrangement. Usually a 
sufficient saving in the cost of duct work is made 
to offset the slightly increased cost of a number 



of small units over the cost of a less number of 
large units. The use of small units permits of 
the distribution of same about the building in 
such a way as to involve less interference with 
the building construction and use of the base- 
ment. 

The fresh air fans are generally placed in the 
basement, and the exhaust fans are usually 
placed in the attic space or in pent houses on the 
roof, altho they, too, may be placed in the base- 
ment. 

Relatively few school ventilating plants in- 
clude air washers, altho the proportion of new 
buildings which are so equipped is rapidly in- 
creasing. This is as it should be for the air 
washer has many advantages. It cleanses the 
air from dust and bacteria, making it cleaner 
than it can possibly otherwise be made and it 
makes possible the humidification of the air in 
the most efficient manner. The best types of air 
washers (those seven and nine feet long) make 
possible a limited amount of cooling in hot 
weather. Air washers are infinitely preferable 
to cloth screens of any type, inasmuch as they 
are much more efficient and more easily cared 
for. They are not complicated devices and are 
easily understood and opei'ated by a janitor of 
ordinary intelligence. The cost of their installa- 
tion adds but approximately ten per cent to the 
cost of the heating and ventilating installation 
in small school buildings and this increase in 
cost drops to five per cent in large school build- 
ings. The cost of operation is very slight, as 
the same water is used over and over by means 
of a circulating pump for periods of one week to 
one month at a time, with only a slight amount 
of water added each day to make up for that 
evaporated; and the cost of electricity required 
to operate the motor driving the water circulat- 
ing pump is small. The period of time during 
which the same water may be used over and 
over, depends upon the quality of the outside 
air. 

It is the author's opinion that the use of the 
air washer increases the efficiency of the venti- 
lating plant by not less than twenty-five per 
cent. It is greatly to be regretted that a more 
general use is not made thereof. The desirabil- 
ity of clean, humidified air for the pupils in the 
schoolroom would seem to be so apparent as to 
demand the use of the air washers in every 
school building. 

Another method of bringing about the artifi- 
cial humidification of schoolrooms consists of an 
evaporating pan placed in the warm air cham- 
ber. This pan contains water in which is sub- 
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merged a steam coil, the purpose of the latter 
being to evaporate the water, the vapor being 
liberated into the air passing thru the chamber 
to the schoolrooms. Attached to this tank is a 
float chamber automatically regulating the sup- 
ply of water to replace that which is evaporated. 
The degree of humidification, in this case, as in 
the case of the air washer, is automatically con- 
trolled by means of a pneumatically operated 
humidostat, very similar in operation, to the 
thermostats used for temperature regulation. 

The practice of producing artificial humidifi- 
cation by means of injecting steam directly into 
the air duct meets with very little favor, prin- 
cipally for the reason that in the majority of 
cases this method will produce an odor which 
is objectionable. The same objection applies to 
the method of spraying water on the steam air 
heaters, by which it is evaporated. The expense 
of artificial humidification is not affected by the 
method used. 

In general, four methods are in use for dis- 
tributing the air from the air heaters to the 
classrooms. 

The first of these is incidental to the gravity 
system only, in which case the air goes directly 
from the indirect radiator into the base of the 
vertical flue leading to the classroom. 

The second method is the single trunk duct 
system thru which the air is driven by the fan, 
this duct reducing in size as branches are taken 
ofl", with volume dampers placed at each branch 
connection or at the base of each flue. In the 
single trunk duct system mixing dampers can- 
not be used and this in itself is a serious objec- 
tion to this system, there being available no 
method of varying the temperature of the air 
admitted to the room to meet the individual 
room requirements. 

The third method is the double trunk duct 
system, in which an upper duct, of such a size 
as will carry the full amount of air required for 
ventilating the building, is paralleled with a 
duct directly beneath, of one-half to two-thirds 
the size of the upper duct. The upper duct car- 
ries air at the maximum temperature required 
for ventilating the rooms while the lower duct 
carries air at approximately twenty degrees less 
temperature. At the base of each heat flue, 
branches from both these ducts are joined to- 
gether and at this point a mixing damper and a 
volume damper are installed. The mixing dam- 
per may be automatically or hand-controlled 
from the room, preferably automatically. 

The fourth method is the individual duct sys- 
tem in which a separate duct is carried from the 



fan or plenum chamber directly to the base of 
the vertical flue which rises to the classroom. 
The plenum chamber is divided into upper and 
lower parts, the temperature of the air passing 
thru the upper chamber being slightly higher 
than that required for the ventilation of the 
rooms, and the temperature of the air in the 
lower chamber being approximately twenty de- 
grees less. Connections are made from both of 
these chambers to the individual ducts with mix- 
ing dampers in each connection automatically 
controlled by a thermostat located in the school- 
room. In addition volume dampers are installed 
in each duct to regulate the volume of air sup- 
plied to each room. 

By i-eference to the accompanying illustration 
showing the basement plan of the Wm. H. Mc- 
Kelvey School, of Pittsburgh, the general ar- 
rangement of such a system will be observed. 
In this case the air is taken thru windows into 
a fresh air chamber from which it passes thru 
tempering heaters, air washer and reheaters into 
the double plenum chamber. From there it is 
forced by a motor driven fan into the ducts, 
with connections from the upper, or hot air 
chamber, and the lower, or tempered air cham- 
ber. An individual duct runs to the base of each 
vertical flue communicating with the classrooms. 
Every mixing damper and every volume damper 
is placed directly at the plenum chamber, mak- 
ing for ease of adjustment and manipulation 
and assuring better attention on the part of the 
janitor. Such an arrangement is certainly more 
intelligible to the janitor. 

The chief advantage of this system, however, 
lies in the fact that exactly the required volume 
of air at the exact temperature demanded by 
any and every individual room may be had, as 
required. 

Manifestly a building has four sides. One or 
two sides may be subjected to the warming 
eff'ect of the sun while the other sides of the 
building may be subjected to a severe cold wind. 
Under such conditions the rooms subjected to 
the cold wind and shade may require their air 
supply at a temperature as much as ten degrees 
higher than the room on the warm, sunny side. 
This demand is adequately met only by the in- 
dividual duct system and it cannot be met by 
the trunk duct system in which air of the same 
temperature is supplied to every room. The 
direct radiators in the room cannot be properly 
depended upon to overcome this difference in 
temperature requirements for the reason that in 
the sunny rooms it may become necessary to ad- 
mit the air into the classrooms at less than room 
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tempei'ature to prevent an excess temperature, 
while on the other side of the building the air 
must be admitted at several degrees above the 
room temperature in order to maintain the tem- 
perature desired. It may be claimed that the 
direct radiators should maintain the balance in 
heat requirements but this has not proven satis- 
factory in practice. It interferes with the sepa- 
ration of the heating and ventilating elements 
of the system. This is especially so in that the 
direct radiators should not be used during the 
school hours in mild weather and at such times 
the temperature of the room should be controlled 
by the regulation of the temperature of the air 
supply. 

The installation of the individual duct system 
increases the cost of the ventilating system by 
two and one-half per cent in large buildings and 
five per cent in small buildings, but, inasmuch 
as results obtained are decidedly superior to 
those obtained in any other system by making 
it possible to meet every varied demand in the 
different rooms it is certainly well worth its 
cost. This system has little or no effect on the 
operating cost of the plant. 

Many of the same results as credited to the 
individual duct system can be obtained by the 
use of the double duct system but at a very 
slight difference in cost of installation and with 
the serious objection that it involves a compli- 
cated system of duct work with mixing and vol- 
ume dampers scattered all over the building. 
In many cases these dampers are necessarily 
placed in inaccessible positions; thus they are 
hard to get at and their location is often forgot- 
ten and more often neglected. For these reasons 
the system is much more dilBcult to maintain 
in an efficient condition and the results obtained 
are correspondingly less satisfactory. 

Temperature controlling systems are very 
generally understood but they are unfortunately 
not as generally used as should be the case. The 
automatic temperature controlling system is too 
often regarded as a luxury when it should be 
regarded as a necessity. It not only results in 
fuel saving, equal to not less than ten per cent 
and possibly twenty per cent of the annual fuel 
bill, but more important still, it prevents exces- 
sive temperatures in the classrooms, which have 
been shown to produce injurious effects on the 
pupils. In this instance, as in other details, the 
welfare of the pupils should not be permitted to 
suffer for a saving of five to ten per cent on the 
cost of the heating and ventilating plant. 

In some instances the temperature regulating- 
system has been applied to the direct radiators 



only, or to the mixing dampers only, where both 
radiators and dampers are used. This is a seri- 
ous mistake, for successful results in tempera- 
ture regulation cannot be obtained where a part 
only of the heating elements are under auto- 
matic temperature regulation. In the case of 
such an omission one element of the heating 
and ventilating system is constantly working 
against, and upsetting the work of the other. 

With the vapor, atmospheric, modulating and 
vacuum systems the use of the intermediate act- 
ing thermostat is most desirable because it reg- 
ulates the supply of steam to the radiators and 
the movement of the mixing dampers in a grad- 
uated manner in accordance -with the demands 
for heating. Thus, in mild weather but little 
steam is admitted to the radiator; and the posi- 
tion of the mixing damper is changed but slight- 
ly, with more steam being admitted to the radia- 
tor and a greater change in position of the mix- 
ing dampers occurring as the outside tempera- 
ture becomes lower, the full quantity of steam 
being admitted to the radiator during extremely 
cold weather only. Such a method goes far 
toward eliminating the overheating of the room 
and the discomfiture of the pupils sitting near 
the radiator. 

A great deal could be written concerning the 
location of the fresh air inlets and vitiated air 
exhaust openings in the schoolroom. This is 
the subject of a great deal of discussion but one 
general principle is thoroly agreed upon. The 
number and location of both fresh air and vent 
openings should be such as to secure a thoro 
diffusion of the air thru every portion of the 
classroom. It has been demonstrated that such 
results can be obtained with the usual practice 
of one or two fresh air openings on one side of 
the room eight feet above the floor with a single 
exhaust opening on the same side of the room 
at the floor. The air openings into the room 
should, as far as possible, be directed towards 
the windows or the openings should be located 
in one of the end walls as near as possible to 
the windows with the exhaust opening at the 
other end of the same wall near the floor. 

Much has been written regarding the desira- 
bility of admitting the air thru or near the floor 
and exhausting it near the ceiling, but this has 
not been satisfactorily worked out as yet. Pro- 
fessor Bass has made extensive experiments in 
admitting the air directly in front of the face 
of the pupil and exhausting it at the ceiling 
while reducing the volume of air. This plan 
fails in the air bathing of the body in general. 
A further criticism of this experiment lies in 
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the fact that the results obtained were compared 
with the results obtained in another classroom 
ventilated in the ordinary manner, with satis- 
faction expressed because the results appeared 
to be practically the same in both rooms altho 
a reduced volume of air was supplied in the ex- 
perimental room. It seems to the author that 
the results aimed at should be to determine how 
much better results might be obtained with the 
individual air openings and usual amount of air 
supplied as compared with the ordinary fresh 
air inlet and single exhaust. 

Professors Winslow and Baskerville studied 
this problem of air diffusion in classrooms of the 
New York City schools and found therein satis- 
factory results with the standard methods of 
classroom air distribution. 

The problem of air diffusion becomes much 
more serious in large rooms, and especially in 
auditoria. In the latter the general rule should 
prevail that no member of the audience should 
be further than thirty feet from a fresh air in- 
let and air exhaust, with special attention given 
to the spaces under the galleries. The applica- 
tion of such a rule would eliminate many of the 
complaints made regarding auditorium ventila- 
tion. Where the seats are permanently fixed the 
best results can be obtained by exhausting the 
air thru the floor by means of mushroom open- 
ings and supplying the air thru openings in the 
walls or in the ceiling. The reason for urging 
the exhaust of the air thru the floor, rather than 
the supply of air thru the floor, is that in order 
to prevent excess temperature in the room air 
must be admitted at ten to fifteen degrees less 
than room temperature. Air at such a low tem- 
perature cannot be admitted in the immediate 
vicinity of the person without producing a seri- 
ous chilling effect. In warm weather, when the 
outside air is of a higher temperature and the 
immediate relief of heat is essential, it is desir- 
able to reveise the direction of the air current so 
that the air may come up thru the floor, pass up 
over the body, and go out at the ceiling. Such a 
reversal of the ventilating system can easily be 
made by the use of a reversing damper, as il- 
lustrated on the first floor plan of the school 
building ventilating system shown herewith. By 
refei-ence to this print it will be observed that 
the air for the auditorium leaves the fresh air 
fan and enters one side of the reversing damper, 
leaving in such direction as to pass to the space 
over the auditorium ceiling, thence down into 
the room thru openings in the ceiling. It leaves 
the room thru mushroom openings in the floor 
and passing thru ducts to the rotating damper 
at one side, leaving it at the other side, thence 



passing to the exhaust fan. In mild weather, 
when it is desired to reverse the direction of the 
air current the damper is changed in position 
90 degrees and the air is then directed from the 
fresh air fan to the space under the floor from 
which it enters the auditorium thru the mush- 
room openings, passing upward over the people 
to the outlets in the ceiling, from which it is 
drawn by the ducts down to the rotating damper, 
entering one side thereof and leaving the other 
side to the exhaust fan. Practically no compli- 
cation is involved in such a scheme and by its 
use all the advantages of the upward and down- 
wai'd system of ventilation may be had at will. 

An extensive study of the space requirements 
for ventilation plants has been made, under the 
direction of the author, in connection with foi-ty 
school buildings, with the result that it has been 
found that approximately one and one-quarter 
square feet of floor area is required in the 
boiler room per thousand cubic feet of contents 
of the building, with approximately the same 
allowance for fuel supply. The space reqmred 
for the fresh air plant, that is, the fans, heaters, 
air washers, motors, etc., varies from one square 
foot to one and one-half square feet per thou- 
sand cubic feet of space in the building, while 
the space required for the exhaust air plant is 
approximately half of that required for the 
fresh air plant. The height of these spaces de- 
pends upon the size of the building and its appa- 
ratus, varying from seven to fourteen feet for 
the fan rooms and from twelve to twenty feet 
for the boiler rooms. Usually the floor of the 
boiler room must be from two to eight feet be- 
low the level of the floor of the fresh air heater 
rooms, unless vacuum heating systems are used. 

The usual size of the fresh air and exhaust 
flues for each standard forty pupil classroom is 
found to be four square feet in area in both the 
fresh air and vent flue, altho a number of sys- 
tems are designed with three square feet of 
fresh air and vent flue areas each. These areas 
are increased or decreased as the number of 
pupils per room is increased or decreased. 

Similarly a study of the cost of the installa- 
tion of heating and ventilating plants was made 
in the same schools. It was found that the pre- 
vailing custom of apportioning a certain per- 
centage of the total cost of the building for the 
installation of the heating and ventilating plant 
is of no value as these percentage ratios vary 
more than one hundred per cent, even with sim- 
ilar classes of installations. For a given size of 
building the cost of the heating and ventilating 
system will be approximately the same whether 
the building is a monumental stone structure or 
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a plain wooden structure, but the percentage of 
cost of the system will be vei-y different. 

As a result of this study the following scheme 
of classification has been aiTived at: 
Class "A" — Plants providing for fire tube boilers, 
double fan systems, air washers and 
humidifiers, individual or double 
duct systems and modulating control 
of direct radiators and mixing 
dampers. 
Class "B" — Same as Class "A" but using auto- 
matic stokers and water tube boilers 
instead of the fire tube boilers. 
Class "C" — Same as Class "A" but eliminating 
the inodulation control of radiators 
and dampers and using the single 
trunk ducts. 
Class "D" — Same as Class "C", except that it 
eliminates the use of air washers 
and humidification systems. 
Class "E" — All other systems. 

Manifestly there are many combinations of 
equipment which render an exact determination 
of classification difficult, but in general this 
classification has proven satisfactory. 

After a cai-eful study of this method of classi- 
fication and the figures on costs as thus obtained, 
it was found that the only satisfactory basis of 
determining the cost of the installation of the 
heating and ventilating plant was on the basis 
of the cubic feet of space in the building. The 
variation in costs within the difl:erent classes of 
systems is rarely over ten per cent from the 
average, the greatest variation occurring in 
Class "A." The resulting costs are as follows: 
Class A, cost of plant per cu. ft. 2,7c to 3. .3c — 
average 3.1c. 

Class B, cost of plant per cu. ft. 3.3c to 3.8c— 
average 3.4c. 

Class C, cost of plant per cu. ft. 2.2c to 2.5c— 
average 2.4c. 



Class D, cost of plant per cu. ft. 2.2c to 2.3c— 
average 2M,c. 

Class E, cost of plant per cu. ft. 1.9c to 2.2c — 
average 2.1c. 

If classes D and E were but abandoned and a 
proper amount of skill were used in the design, 
installation and operation of the remaining 
classes, a sufficient appropriation being pro- 
vided for the installation and operation of the 
ventilating plant, it is believed that little basis 
would be left for complaint as to the success of 
the artificial ventilating system. 

Classes D and E are the result of a too limited 
appropriation, a demand for too large a building 
for the funds available, too much ornamentation, 
or too much equipment, or, in other words, an 
attempt to build a $100,000 building \\-ith a $75,- 
000 appropriation, the greatest sacrifice being 
made in connection with the heating and venti- 
lating plant. Better were a proper building, 
well equipped, even tho smaller. 

The author is encouraged to believe that a 
more general appreciation of these facts and of 
the possibilities of the artificial ventilating sys- 
tem is now manifesting itself. 

As a matter of information it is interesting 
to note that the cost of the plumbing equipment 
for school buildings ranges from three-quarters 
of a cent to one and one-half cents per cubic 
foot, the average being one and one-tenth cents. 
The cost of electric equipments, exclusive of 
electric power plants, ranges fi-om one-half to 
one cent per cubic foot, the average being seven- 
tenths cents per cubic foot. 

In the case of the heating and ventilating, 
plumbing and electrical work, the costs seem to 
be approximately the same in grade schools and 
high schools. 

The appended table gives in detail the cost of 
various portions of a number of school buildings. 
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THIRD FLOOR PLAN. CENTRAL HIGH SCHOOL, WASHINGTON, D. C. 




SECOND FLOOR PLAN, CENTRAL HIGH SCHOOL, WASHINGTON, D. C. 
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GROUND FLOOR PLAN, CENTRAL HIGH SCHOOL. WASHINGTON, D. C. 
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SIDE VIEW, CENTRAL HIGH SCHOOL, WASHINGTON, D. C. 
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BASEMENT PLAN, CENTRAL HIGH SCHOOL, WASHINGTON, D. C. 
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DETAIL OF THE MAIN ENTHANCE, DUNBAR HIGH SCHOOL. WASHINGTON. D. C. 
Snc^vden Ashford, Municipal Architect, Wasliington, D. C. 
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TMIRT) rLOOR PLAM. 
THIRD FLOOR PLAN, CARTER H. HARRISON TECHNICAL HIGH SCHOOL. CHICAGO. ILL. 




PLAT PLAN, CARTER H, HARRISON TECHNICAL HIGH SCHOOL, CHICAGO, ILL, 
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5ECOMD rj_OOT2 PLAN. 
MAIN BUILDING, CARTER H. HARRISON TECHNICAL HIGH SCHOOL, CHICAGO, ILL. 




©ECOMD TL-OO-R PLAN. 
SHOP ANNEX, CARTER H. HARRISON TECHNICAL HIGH SCHOOL, CHICAGO, ILL. 




MEZZANINE FLOOR PLAN, CARTER H. HARRISON TECHNICAL HIGH SCHOOL. CHICAGO. ILL. 
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^;i3ST TLoo;: plan. 

FIRST FLOCR PLAN. CARTER H. HARRISOII TECHNICAL HIGH SCHOOL. CHICAGD. ILL. 




SHOP ANNEX. CARTER H. HARRISON TECHNICAL HIGH SCHOOL. CHICAGO, ILL. 
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AUDITORIUM. GROVER CLEVELAND HIGH SCHOOL, ST. LOUIS, MO. 
William B. Ittner. Architect, St. Louis. 




REAR VIEW. GROVER CLEVELAND HIGH SCHOOL, ST. LOUIS, MO. 
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GEOU14D FLOOE. PLAN 



GROVER CLEVELAND HIGH SCHOOL, ST. LOUIS, MO. 
William B. Ittner, Architect, St. Louis. 
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THina FLoauL plan 




SECOND FLOOR PLAN 
SALT LAKE HIGH SCHOOL. SALT LAKE CITY, UTAH. 
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SALT LAKE HIGH SCHOOL. SALT LAKE CITY, UTAH. 




FOVRTM FLOOR.- PLAN 



GIRLS' HIGH SCHOOL OF PRACTICAL ARTS. BOSTON. MASS. 
.1. A. Sch\A-einrui'th, Ai-chiLcct. Boston. 
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THIRD FLOOR PLAN 
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CITY OF -BOSTON SCHOOLHOUSE DEPARTMENT 

HIGH SCHOOL OF PRACTICAL ARTS 

GREENVILLE AND WINTHROP STS BOSTON MASS 
"I J A SCHWEINFURTH ARCHITECT 
35 CONGRESS ST eOSTON-. 




■FIRJTFLqpC PLAN-, 
jcvLE OF FEer L i ' l I ■ t— — ^ 



GIRLS' HIGH SCHOOL OF PRACTICAL ARTS. BOSTON. MASS. 
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FIRST FLOOR PLAN, HIGH SCHOOL, SPRINGFIELD, ILL. 




THIRD FLOOR PLAN, HIGH SCHOOL, SPRINGFIELD, ILL. 
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SECOND FLOOR PLAN, HIGH SCHOOL, SPRINGFIELD, ILL. 
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FLOOR PLANS, BAY RIDGE HIGH SCHOOL. NEW YORK, N. Y. 
C. B. J. Snyder, Architect. New York. N. Y. 
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FLOOR PLANS, BAY RIDGE LIIGH SCHOOL, NEW YORK. N. Y. 

C. B. J. Snyder, Architect, New York, N, Y. 
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AUDITORIUM. PARKERSBUEG HIGH SCHOOL. PARKERSBURG. W. VA. 
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FLOOR PLANS. PARKERSBU-RG HIGH SCHOOL, PARKERSBURG. W. VA. 
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•THIRD • FLOOR • PLAIf- 




COOKING ROOM. McCLAIN HIGH SCHOOL, GREENFIELD, O. 



HIGH SCHOOL BUILDINGS 



121 




•SECOND -FLOOR -PLAN- 



122 



HIGH SCHOOL BUILDINGS 




■FIRST ■ FLOOR PLAN 



1 



•BASEMENT ■ FLOOR • PLAN- |,/ ,^, 




FLOOR PLANS. McCLAIN HIGH SCHOOL, 
GREENFIELD, O. 

Wm. B. Ittner, Architect, St. Louis Mo. 
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DETAIL, HIGH SCHOOL. HUNTINGTON. W. VA. 
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THIRD FLOOR PLAN. NORWOOD HIGH SCHOOL. 




FIRST FLOOR PLAN. NORWOOD HIGH SCHOOL. 
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BASEMENT PLAN, NORWOOD HIGH SCHOOL. 
Bausmith & Drainie, Architects, Cincinnati O. 
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DETAIL. NORWOOD HIGH SCHOOL. 




GIRLS' ENTRANCE DETAIL, NORWOOD HIGH SCHOOL. 
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Berlinphof & Davis, Architects, Lincoln. 
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W. H. Lee. Architect. 
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GROUND FLOOR PLAN, NEW HIGH SCHOOL, COLUMBIA, S. C. 

Urquhart & Johnson, Architects, Columbia, S. C. 
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FIRST FLOOR PLAN. NEW HIGH SCHOOL. COLUMBIA. S. C. 
Urquhart & Johnson, Architects, Columbia, S. C. 
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SECOND FLOOR PLAN, NEW HIGH SCHOOL, COLUMBIA, S, C. 




MAIN CORRIDOR, HIGH SCHOOL. NEW CASTLE, PA. 
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BASEMENT PLAN, HIGH SCHOOL, NEW CASTLE, PA. 
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DETAIL OF MAIN ENTRANCE, BOYS' HIGH SCHOOL, LOUISVILLE, KY. 
J. Earl Henry, Architect, Board of Education, Louisville. 
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SECOND FLOOR PLAN OF GYMNASIUM AND MANUAL ARTS BUILDING. 
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SECOND FLOOR PLAN OF MAIN BLULDING. 
PLANS OF BENJAMIN FRANKLIN HIGH SCHOOL. PCRTLAND. ORE. 
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BASEMENT PLAN. GYMNASIUM AND MANUAL ARTS BUILDING. 




FLOOR PLANS OF THE BENJAMIN FRANKLIN 
HIGH SCHOOL, PORTLAND. ORE. 



F. A. Naramore, Architect, Board of Education, 
Portland. 
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PRESENT FIRST FLOOR PLAN. BENSON POLYTECHNIC HIGH SCHOOL. PORTLAND. ORE. 
F. A. Naramore, Architect. Board of Education, Portland. 
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SECOND FLOOR PLAN. BENSON POLYTECHNIC HIGH SCHOOL, PORTLAND, ORE. 
F. A. Nai'amoi"G, Architect, Board of Efiucalion, Portland. 
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FLOOR PLANS OF THE POWER PLANT AND GYMNASIUM BUILDING. HIGH SCHOOL, BINGHAMTON. N. Y. 

C. E. Vosbury, Architect. Bin.g:hamton. 
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-AUDITORIUM. HIGH SCHOOL, HOT SPRINGS, ARK, 




BASEMENT PLAN. HIGH SCHOOL, HOT SPRINGS. ARK, 
Sanguinet cS: Staats. Architects, Fort Worth. Tex, 
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SEWING CLASSROOM, HIGH SCHOOL, YPSILANTI, MICH. 
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FIFTH FLOOR FLAN, 
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BLOOJIFIELD, N. J. 
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SECOND FLOOR PLAX, HIGH SCHOOL. BLOOMFIELD, N. J. 




FIRST FLOOR PLAN, HIGH SCHOOL, BLOOMFIELD, N. J. 
Chas, Granville Jones, Architect, New York, N. Y. 
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BASEHENT PLAN, HIGH SCHOOL. BLOOMFIELD, N. J. 




BASEMENT PLAN, HIGH SCHOOL, ANDOVER, MASS. 
Fisher, Ripley & Le Boutillier, Architects, Boston. 
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BASEMENT PLAN, LOGANSPOKT HIGH SCHOOL. 
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THIRD FLOOR PLAN, HIGH SCHOOL. BUTLER. PA. 
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SECOND FLOOR PLAN, HIGH SCHOOL, BUTLER, FA. 
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FIRST FLOOR PLAN, HIGH SCHOOL, BUTLER, PA. 
W. G. Eckles, Architect, New Castle, Pa. 
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W. T. Warren, Architect. Birniintthani. Ala. 
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MECHANICAL ARTS BUILDING, UNION POLYTECHNIC HIGH SCHOOL, VENICE, CAL. 
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FLOOR PLANS. HIGH SCHOOL. FAIRMONT. MINN. 
Miller. Fullenwider & Dowling-. Architects. Chicago, 111. 
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THIRD FLOOR FLAX, INTERMEDIATE HIGH SCHOOL, ROCKY FORD, COLO. 
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FLOOR PLANS OF THE INTERMEDIATE HIGH SCHOOL, ROCKY FORD, COLO, 
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FIRST FLOOR PLAN, HIGH SCHOOL, WOODLAND. CAL. 
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BASEMENT PLAN, HIGH SCHOOL, WOODLAND. CAL. 
W. H. Weeks. Architect, San Fi-ancisco, Cal. 
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DETAIL OF FRONT ENTRANCE, HIGH SCHOOL. WOODLAND, CAL. 




SECOND FLOOR PLAN, HIGH SCHOOL. WOODLAND, CAL. 
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FLOOR PLANS. HIGH SCHOOL, 
LADYSMITH. WIS. 

Parkineon & Dockendorff, Architects, 
La Crosse, Wis. 
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SECOND FLOOR PLAN. HIGH SCHOOL. SANTA CRIIZ. CAL. 




FIRST FLOOR PLAN. HIGH SCHOOL. SANTA CRUZ. CAL. 
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BASEMENT PLAN, HIGH SCHOOL, SANTA CRUZ, CAL. 
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Keith »St Whilfhouse. Archilecls. Spokane. Wash. 
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HIGH SCHOOL. lONE. WASH. 
Keith & "Whitehouse. Architects. Spokane, Wash. 
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FLOOR PLANS. HIGH SCHOOL. LAKE MILLS. WIS. 
James R. Law, Architect. Madison, Wis. 
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BASEMENT PLAN. HIGH SCHOOL. LAKE MILLS. WIS. 
James R. Law, Architect. Madison. Wis. 
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FLOOR PLAN, UNION HIGH SCHOOL. JACKSON. CAL. 
Waller Parker & Co.. Architects. San Francisco. Cal. 
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FLOOR PLANS, HIGH SCHOOL, STURGIS, MICH. 
Robinson & Campau, Architects, Grand Rapids. Mich. 
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FLOOR PLANS. HIGH SCHOOL. CONNELLSVILLE. PA. 
W. G. Eckles, Architect, New Castle, Pa, 
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FIRST FLOOR PLAN, HIGH SCHOOL, CONNELLSVILLE, PA. 
"W. G. Eckles, Architect, New Castle, Pa. 
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SECOND FLOOR PLAN, HIGH SCHOOL, MT. CARMEL, PA. 
Clyde S. Adams, Architect, Philadelphia, Pa. 
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DETAIL OF ENTRANCE. HIGH SCHOOL. WATSONVILLE. CAL. 
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PLAT PLAN, HIGH SCHOOL, WATSONVILLE. CAL. 
W. H. Weeks, Architect. San Francisco, Cal. 
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SECOXD FLOOR PLAN. HIGH SCHOOL, WATSONVILLE, CAL. 




FIRST FLOOR PLAN, HIGH SCHOOL, WATSOXVILLE. CAL. 
W. H. Weeks, Architect, San Francisco, Cal. 
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FLOOR PLANS. HIGH SCHOOL, VAN WERT, O. 
Frank L. Packard. Architect, Columbus, O. 
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FIRST FLOOR PLAN, FLUSHING HIGH SCHOOL. BOROUGH OF QUEENS, NEW YORK. N. Y. 
C. B. J. Snyder, Architect and Supt. of Buildings, for tlie Board of Education, New York, N. Y. 
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SECOND FLOOR PLAN. FLUSHING HIGH SCHOOL, BOROUGH OF QUEENS, NEW YORK, N. Y. 
C. B. J. Snydf'i', ArehUe<'t and Superintendent of Buildings for the Boai-d of Education. New York, N. Y. 
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THIRD FLOOR PLAN. FLUSHING HIGH SCHOOL. BOROUGH OF QUEENS. NEW YORK. N. Y. 
C. B. J. Snyder. Architect and Superintendent of Building's for the Board of Education, Ne^- York, N. Y. 
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FLOOR r^LANS, FLUSHING HIGH SCHOOL, NEW YORK, N, Y. 
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FLOOR PLANS, HIGH SCHOOL. BURLEY, IDA. 
C. L. Wilson. Architect, Butte, Mont. 
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FLOOR PLANS, HIGH SCHOOL, BURLEY, IDA. 
C. L. Wilson, Architect, Butte, Mont. 
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THIRD FLOOR PLAN. STIVERS HIGH SCHOOL, DAYTON, O. 




SECOND FLOOR PLAN, STIVERS HIGH SCHOOL, DAYTON. O. 
E. J. Mounstephen, Architect, Dayton, O, 
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FIRST FLOOR PLAN, STIVERS HIGH SCHOOL, DAYTON, O. 




GROUND FLOOR PLAN, STIVERS HIGH SCHOOL, DAYTON, O. 
E. J. Mvounstephen, Archil<?ct. Dayton, O. 
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FLOOR PLANS. HIGH SCHOOL. ARCADIA. WIS. 
Parkinson & Dockendorff, Architects. La Crosse. Wis 
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SECOND FLOOR PLAN. 




FLOOR PLANS, HIGH SCHOOL. CROOKSTON. MINN. 
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GROUND FLOOR PLAN. HIGH SCHOOL. CROOKSTON. MINN. 
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TLAT T'T.AN OF HIGH SCHOOL GROUP. CROOKSTON, MINN. 
Il'f-Tt I'. Keck. Architect. Crnnkston. Minn. 
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SUB-BASEMENT PLAN. JUNIOR HIGH SCHOOL, TRENTON. N. .J. 
W. A. Polanil, Avohiltct, Ti-entoii. 
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BASEMENT FLOOR PLAN, JUNIOR HIGH SCHOOL, TKENTON. X. J. 
A\'. A. Poland. Architect. Trenton. 
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FIRST FLOOR Pr.AN, JUNIOR HIGH SCHOOL. TRENTON, N. J. 
W. A. Poland, Avchitecl, Trenton. 
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SECOND FLOOR PLAN, JUNIOR HIGH SCHOOL. TRENTON, N. J. 




GYMNASIUM, JUNIOR HIGH SCHOOL, TRENTON, N, J, 
W. A, Poland, Architect, Tremnn. 
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FLOOR PLANS, SOUTH END JUNIOR HIGH SCHOOL. HOUSTON, TEX. 
Layton & Smith, Architects, Oklahoma City, Okla. 
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GROUND FLOOR PLAN, SOUTH END JUNIOR HIGH SCHOOL, HOUSTON. TEX. 

Laylon & Smith, Architects, Oklahoma City, Okla. 



II--}-' -f 

73'-//" 



^^ zs'-e"^ 




GROUND FLOOR PLAN, SHERMAN JUNIOR HIGH SCHOOL, HUTCHINSON. KANS. 
M.-mn & Goi'nw, Archil<?cts. Hutchinson. 
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DETAIL OF MAIN ENTEANXE. WEST SIDE JUNIOR HIGH SCHOOL, LITTLE ROCK. ARK. 
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FLOOR PLAN OF GYMNASIUM AND AUDITORIUM BUILDING. ELKO COUNTY HIGH SCHOOL, ELKO, NEV. 

J. J. Donovan, Architect, Oakland, Cal. 
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SECOND FLOOR PLAN, CLASSROOM BUILDING, ELKO COUNTY HIGH SCHOOL, ELKO. NEV. 
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FIRST FLOOR PLAN. CLASSROOM BUILDING. ELKO COUNTY HIGH SCHOOL, ELKO. NEV. 
J. J. Donovan. Architect, Oakland. Cal. 
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FLOOR PLANS. HIGH SCHOOL. lOLA. KAN.S. 
Thomas W. Williamson & Co.. Architects, Topeka. Kans, 
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GROUND FLOOR PL^h 




GROUND FLOOR PLAN AND CYMNASIUM. HIGH SCHOOL. lOLA. KANS. 
Thomas W. Williamson & Co., Aichilocts, Toreka, Kans. 
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FLOOR FLANS, HIGH SCHOOL, CALDWELL, KAN. 
S. S. Voiuht, Architect, ^\'ichita, Kans. 
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THIRD FLOOR PLAN, HIGH SCHOOL. DEDHAM, MASS. 




SECOND FLOOR PLAN. HIGH SCHOOL. DEDHAM. MASS. 




I 



E 



ivn' " /-M 



m 





FIRST FLOOR PLAN. HIGH SCHOOL, DEDHAM. MASS. 
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BASEMENT PLAN, HIGH SCHOOL, DEDHAM, MASS. 
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FOUNDATION PLAN, HIGH SCHOOL, DEDHAM, MASS. 



HIGH SCHOOL BUILDINGS 



319 




uutiHb ffiHby yyyyy mm "H'H'ffO'ff'E'^By \&i: \MSi t'SaneT^ 

BBHR RRRRR , § aR HflB fl RRRRFmHRRR BaOBB RRRRfj ml]^ 




ii^g u ' JiSS : 



ELFVATIONS AXn SECTIONS. JUNIOR HIGH SCHOOL, ROCHESTER, N. Y, 
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FIRST FLOOR PLAN, JUNIOR HIGH SCHOOL. ROCHESTER. N. Y. 
Gordon & Madden, Architect?. Rochester. 
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JUMlOE. niqH 5CH00L 
CROSS SECTIONS, JUNIOR HIGH SCHOOL, ROCHESTER, N. Y. 
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SECOND FLOOR PLAN. .JUNIOR HIGH SCHOOL, ROCHESTER. N. Y. 
Gordon & Madden, Architects, Rochester. 



